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PEEFACE. 


More than fifty years ago the Board of jNfanagers of 
the Royal Institution resolved to extend its usefulness, 
as a centre of scientific instruction, by giving, during 
tlie Cliristmas and Ejister holidays of each year, two 
courses of Lectures suited to the intelligence of boys 
and girls. 

On December 12, 1825, a Committee appointed by 
tlie Managers reported ‘that they had consulted Mr. 
Faftiday on the subject of engaging him to take a part 
in the juvenile lectures proposed to be given during 
the Christmas and Easter recesses, and they found his 
oc(*upations were such that it would be exceedingly in- 
convenient for him to engage in such lectures.’ 

Faraday’s holding aloof was, however, but tempo- 
rary, for at Christmas 1827 we find him giving a 
‘dourse of Six Elementary Lectures on Cliemistry, 
adapted to a Juvenile Auditory.’ 

The Easter lectures were soon abandoned, but from 
the date mentioned to the present tim^tfae Cliristmae 
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lectureB have been a marked feature of the Royal 
InHtitutioiiJ 

Last Christmas it fell to my lot to give one of these 
courses. I liad heard doubts expressed as to the ’ alue 
of Science-teaching in schools, and I had heard objec- 
tions urgocl on the score of the expensiveness of appa- 
ratus. Rotli doubts and objections would, I considered, 
l)e most practically met by showing wliat could be done, 
in the way of discipline and instruction, by experi- 
mental lessons involving the use of appiaratus so simple 
and inexpensive as to be within everybody’s reach. 

Witli some amplification, tlie substance of our 
Cliristmas Lessons is given in the present little volume. 

’ Thest* trief iiistoric reforences have already appeared in the Pre- 
tViee the ‘ Forms of Water/ 



CONTENTS. 


viitT. v\r,\: 

]. Introduction . . . . . . 1 

2. Historic Xotks . . . . . 1 

:{. Tiir Art of Expkriment . . . .4 

4. Materials for IA'periment . . . o 

T). Electric ArrKACTioxs . . . . . s 

0. JIiscovERY OF Condi CTioN and iNsri.ATjox . . I. ‘I 

7. The lu.EcrrRoscorK. Further Knouikies ox (.'ondlo 

TioN AND Insulation . . , .15 

M. • l"LE(TRTrs AND NoN-KlECTRTCS . . . . 


0. JClectric KEFUI.SIONS. DISCOVER V OF Two I'.'lix> 

TRICTTIES . . . , . . 


10. Fundamental Law ok Kltxtric Action . . *j:i 

11. ]'k.ECTRIClTY OK THE RUBBEK. DOUBLE OR ‘ POLAR ‘ 

Chakacteu of the Electric Force . . . 20 

»12. What is Elkctricitt? . . . • • • 

DI. Electric Induction. Definition of the Term . .‘XI 


14. Experimental REasARCHEs on Electric^ Induction . 38 



X 


Contents, 


PACK 

15. The ELECxnopnonrs . . . . . 48 

IG. Action of Points and Flames . . .61 

17. The EiJiCTnicAL Machine . . . 55 

> 


18. Fuuthir Experiments on the Action of Points. 

The ELKcrnrc Mill. The Golden Fish, Light- 
ning OONDUCTORS , . . . . .58 

10. History of the Leyden Jar. The Leyden Battery G4 


20. Explanation of lira Leyden Jar . . . GO 

21. Franklins Cascade Battery . . . . 72 

t 

22. XovEL Leyden Jars of the Simplest Form . 73 

23. Seat of CiiAiuiK in the Leyden Jar . . . 77 

24. Ignition dy the Electric Spark. Cottrell’s 

liuntiER. The Tcbe-machine . . . . ho 

25. Dcratton of the Electric Spark . . . k.*) 

2<), Electric Light in Vacuo . . . . hh 

27. Lichtenderg’s Figuices .... 04 


28. Scrface CoMrAiiED with Mab.s. Distrirt tion ok 

Ei.e('Ti:tcity in Hollow Gonductoius . . . 05 

20. Physiological Effects of the Electric Discharge 07 

30, Atmospheric Electricity .... in ) 

i) 

31. The Returning Stroke . . . . . 102 

82. Tip Leyden Battery, m OtrEKENTS, and some of 

THEIR Effi:ct3 . . . . . . 108 


CoNCLirSION 


. Ill 



LESSONS IN ELECTRICITY. 


§ 1. Introduction. 

M AXY centuries before Christ, it had been observed 
that yellow amber (elektron)^ when rubb(*d, pos- 
sessed the power of attracting light bodies. 

Thales, the founder of the Ionic philosophy (b.c. 580), 
imagined tlie amber to be endowed with a kind of life. 

Tliis is the germ out of which has grown the Hcienqe 
of electricity^ a name derived from the substance in, 
which this power of attraction was first observed. 

It will be my aim, during six hours of these Christ- 
mas holidays, to make you, to some extent, acquainted 
witl# the history, facts, and principles, of this science, 
and to teach you how to work at it. 

The science has two great divisions ; the one called 
‘ Frictional Electricity,’ the other ‘ Voltaic Electricity.’ 
For the present, our studies will be Confined to the 
first, 0 ^ older portion of the science, which is called 
‘ Frictional Electricity,’ because in it the electrical power 
is qi)tained from the rubbing of bodies together. 

§ 2 . Historic Notes, 

The attraction of light bod^s by nibbed amber 
was the sum of the world’s knowledge of electricity 
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for more than 2,000 years. In 1600 Dr. Gilbert, 
physician to Queen Elizabeth, whose attention had 
been previously directed with great success to mag- 
netism, vastly expanded the domain of electricity. He 
showed that not only amber, but various spars, gems, 
fossils, stones^ glasses and resins, exhibited, when rubbed, 
the same power as amber. 

Kobert Boyle (1675) proved that a suspended piece 
of rubbed amber, which attracted other bodies to itself, 
was in turn attracted by a body brought near it. He 
also observed the ligJit of electricity, a diamond, with 
which he experimented, being fouijid to emit light when 
rubbed in the dark. 

Boyle imagined that the electrified body threw out 
an invisible, glutinous substance, which laid hold of 
light bodies and, returning to the source from which 
it emanated, carried them along with it. 

Otto von Guericke, Burgomaster of Magdeburg, 
contemporary of Boyle, and inventor of the air-pump, 
intensified the electric power previously obtained. He 
devised what may be called the first electrical macliine, 
which was a ball of sulpliur, about the size of a child’s 
head. Turned by a handle, and rubbed by the dry 
hand, the sulphur sphere emitted light in the dark. 

Von Guericke also noticed, and. this is important, 
tliat a feather, having been first attracted to his 
sulphur glol>e, was afterwards repelled, and kf^pt at 
a distance from it, until, having touched another 
body, it was again attracted. He heard the his&ing 
of •the ‘electric fire,’ and also observed that an un- 
electrified body, when brought near his excited sphere, 
became electi^cal and capable of being attracted. 

The members of the Academy del Uimento examined 
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various substances electrically. They proved smoke 
to be attracted, but not flame, which, they found, 
deprived an electrified body of its power. 

• They also proved liquids to be sensible to the 
electric attraction, showin<^ that when rubbed amber 
was held over the surface of a liquid, a little eminence 
was formed, from which the liquid was finally dis- 
charged against the amber. 

Sir Isaac Newton, by rubbing a flat glass, caused 
light bodies to jump between it and a tal51e. lie also 
noticed the influence of the rubber in electric excitii- 
tion. His gown, foi* example, was found to be much 
more effective than a napkin. 

Newton imagined that the excited body emitted an 
elastic fluid which penetrated glass. 

In the efforts of Thales, Boyle, and Newton to form 
a mental picture of electricity we have an illustration 
of the tendency of tlie human mind, not to rest satis- 
fied with the facts of observation, but to pass beyond 
the facts to their invisible causes. 

Dr. Wall (1708) experimented with large, elongated 
pieces of amber. He found wool to be the l>est rubber 
of amber. ‘ A prodigious number of little cracklings ’ 
was produced by the friction, every one of them being 
accompanied by a* flash of light. ^This light and 
crackling,’ says Dr. Wall, ‘ seem in some degree to rt- 
presenf thunder and lightning.’ * This is the first 
published allusion to thunder and lightning in connec- 
tion*with electricity. 

Stephen Gray (1729) also observed the electric 
brush, snappings, and sparks. He made the prophetic 

* *Pbil.TraDs.*170S, p. 69. 

B 2 
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remark that ‘ though these eflfects are at present only 
minute, it is probable that in time there may be found 
out a way to collect a greater quantity of the electric 
fire, and, consequently, to increase the force of that 
power which by several of those experiments, if we are 
permitted t<f compare great things with small, seems 
to be of the same nature with that of thunder and 
lightning.’ ' This, you Will observe, is far more definite 
than the remark of Dr. Wall. 

§ 3. The Art of Experiment 

c 

We have thus broken ground with a few historic 
notes, intended to show the gradual growth of electrical 
science. Our next step must be to get some knowledge 
of t)»e facts referred to, and to learn how they may be 
produced and extended. The art of producing and ex- 
tending such facts, and of enquiring into tliem by 
proper instruments, is the art of experiment It is an 
art of extreme importance, for by its means we can, as 
it were, converse with Nature, asking her questions 
and receiving from her replies. . . - 

It was the neglect of experiment, and of the reason- 
ing based upon it, which kept the knowledge of the 
ancient world confined to the singly fact of attraction 
by amlier for more than 2,000 years. 

Skill in the art of experimenting does not <^me of 
itself ; it is only to be acquired by labour. When you 
first take a billiard cue in your hand, your strokesi are 
awkward and ill-directed. When you learn to dance, 
your first movements are neither graceful nor pleasant. 
By pracHce ^alone, jrou learn to dance and to play. 

' * Phil. Trans.’ Vol. 30, p. 24. 



The Art of Experiment 


5 


This also is the only way of learning the art of experi- 
ment. You must not, therefore, be daunted by your 
clumsiness at first ; you must overcome it, and acquire 
skill in the art by repetition. 

In this way you will come into direct contact with 
natural truth — you will think and reasoik not on what 
has been said to you in books, but on what has been 
said to you by Nature. Thcuight springing from this 
source has a vitality not derivable from mere book- 
knowledge. 

§ 4. Materials for Experiment 

At this stage of our labours we are to provide ouiTelves 
witli the following materials : — l. 

u. Some sticks of sealing-wax; • 

6. Two pieces of gutta-percha 
tubing, about 18 inches long and 
J of an incli outside diameter ; 

c. Two or three glass tubes, 
about 18 inches long and f of an 
inch wide, closed at one end, and 
n(tt too thin, lest they should 
break in your band and cut it ; 

lL Tavo or three pieces of 
clean flannel, capable of being 
folded into pads of two or three 
layers, about eight or ten inches 
square ; 

• e. A couple of pads, composed 
of three or four layers of silk, 
about eight or ten inches square ; 

/. A board about 18 inches square, and a piece 
of india-rubber ; 
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ff. Some very narrow silk ribbon, n, and a wire loop, 
w, like that shown in fig. 1, in which sticks of sealing- 
wax, tubes of gutta-percha, rods of glass, or a walking- 
stick, may be suspended. I choose a narrow ribbon 
because it is convenient to have a suspending cord that 
will neither twist nor untwist of itself. 

( I usually employ a loop with the two ends, which 
are here shown free, soldered together. The loop 
would tluis Ikj unbroken. But you may not be skilled 
in the art of soldering, and I therefore choose the free 
loop, which is very easily constructed. For the purpose 
of suspension an arrangement ijesembling a towel- 
horse, with a single horizontal rail, will be found con- 
venient.) 


Vki. 2 . 



//. A straw, i fig. 2, delicately supported on ^e 
point of ^a sewing needle n. This is inserted in a 
stick of sealing-wax a, attached below to a little 
circular plate of tin, 6he whole forming a stand. In 
fig. 3 the straw is shown on a larger scale, and separate 
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from its needle. The short bit of straw in the middle, 
which serves as a cap, is stuck on by sealing-wax. 


Fro. 3. 




A 


i. Tlie name ^ amalgam ’ is given to a mixture of 
mercury witli other metals. Experience has shown 
that the efficacy of a silk rubber is vastly increased 
wdien it is smeared over with an amalgam formed of 
1 part by weight of tin, 2 of zinc, and 6 of mercury. 
A little lard is to be first smeared on the silk, and the 
amalgam is to be applied to the lard. Tlie amalgam, 
if hard, must l>e pounded or bruised with a pestle or a 
hammer until it is soft. You can purchase sixpenny- 
worth of it at a philosophical instrument maker’s. It 
is to be added to your materials. 

k, I should like to make these pages suitable for 
boys without much pocket-money, and, therefore, aim 
at economy in my list of materials. But provide by all 
m?ans, if you can, a fox’s brush, such as those usually 
employed in dusting furniture. 
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§ 5. Electric Attractions. 

Place your sealing-wax, gutta-percha tubing, and 
flannel and silk rubbers before a fire, to ensure their 
dryness. specially careful to make your glass tubes 
and silk rubbers not only warm, but hot. Pass the 
dried flannel briskly onc<i or twice over a stick of seal- 
ing-wax or over a gutta-percha tube. A very small 
amount of friction will excite the poWl^Jl^ attract- 
ing the suspended straw, as shown in S. Eepeat 
the experiment several tirges and cause the straw to 
follow the attracting body round and round. Do the 
same with a glass tul)e rubbed with silk. 

I lay particular stress on the heating of the glass 
tube, because glass has the powder, which it exercises, 
of condensing upon its surface into a liquid film, the 
aqueous vapour of the surrounding air. This film must 
be removed. 

I would also insist on practice, in order to render 
you expert. You will therefore attract bran, scraps of 
paper, gold leaf, soap bubbles, and other light bodies 
by rublwid glass, sealing-wax, and gutta-percha. Fara- 
day wjis fond of making empty egg-shells, hoops of 
paper, and other light objects roll after his excited 
tubes. 

It is only when the electric power is very^weak, 
that you require your delicately suspended straw. With 
the Bticks of wax, tubes, and rubbers here mentioned, 
even heaVy bodies, when properly suspended, may be 
attracted. Place, for instance, a common walking-stick 
in the wire loop atta<fhed to tlie narrow ribbon, fig. 1, 
and let it swing horizontally. The glass, rubbed with 
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its silk, or the sealing-wax, or gutta-percha, rubbed 
with its flannel, will pull the stick quite roimd. 

Abandon the wire loop ; place an fegg in an egg-cup, 
and»balance a long lath u|)on the egg, as shown in fig. 4. 
The lath, though it may be almost a plank, will obe- 


Fio. 4. 



diently lollow the rubbed glass, gutta-percha or sealing- 
wax. 

Nothing can be simpler tlian this lath and egg 
arrangement, and hardly anything could be more im- 
pressive. The more you work with it, the better you 
will like it. 

Pass an ebonite comb through the hair. In dry 
weather it produces a crackling noise ; but its action 
upon the lath may be made plain in any weather. It 
is rendared electrical by friction against the hair, and 
with it you can puU the lath quite round. 

ft' you moisten the hair with oil, the comb will still 
be excited and exert attraction ; but if you mRisten^it 
with water, the excitement ceases; a comb passed 
through wetted hair, has no powertover the lath. You 
will imderstand the meaning of this subsequently. 
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After its passage through dry or oiled hair, balance 
the comb itself upon the egg : it is attracted by the 
lath. You thus prove the attraction to be mutual: the 
comb attracts the lath, and the lath attracts the cgmb. 
Suspend your rubbed glass, rubbed gutta-percha, and 
rubbed sealing-wax in your wire loop. They are all 
just as much attracted by the lath as the lath was at- 
tracted by them. Tlii^ is an extension of Boyle’s ex- 
periment with the suspended amber (§ 2). 

How it is that any unelectrified body attracts, and 
is attracted by the excited glass, sealing-wax and gutta- 
percha, we shall learn by and by. 

A very striking illustration of electric attraction may 
he obt^ained with the board and india-rubber mentioned 
in our list of materials {§ 4). Place the board before 
the fire and make it hot ; heat also a sheet of foolscap 
paper and place it on tlie board. There is no attraction 
lietween them. Pass the india-rubber briskly over the 
paper. It now clings firmly to the board. Tear it 
away, and hold it at arm’s length, for it will move to 
your body if it can. Ih’ing it near a door or wall, it 
will cling tenaciously to either. The electrified J>aper 
also powerfully attracts the balanced lath from a great 
distance. 

The friction of the hand, of a cambric handkerchief, 
or of wash-leatlier fails to electrify the paper in any 
high degree. It requires friction by a special substance 
to make the excitement strong. This we learn by ex- 
perience. It is also experience that has taught u»that 
rusinoui bodies are best excited by flannel, and vitreous 
bodies by silk. 

Take nothing for granted in this enquiiy, and 
neglect no effort to render your knowled^ complete 
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and snre. Try various rubbers, and satisfy yourself 
that differences like that first observed by Newton exist 
between them, 

'V^ary also the body rubljed. Excite by friction 
paraffin and composite candles, resin, sulphur, l)ees’- 
wax, ebonite, and shellac. Also rock-crystal^ and other 
vitreous substances, and attract with all of them the 
l)alanced lath. A film of collocjion, a sheet of vulcan- 
ised india-rubber, or brown paper heated before tlie 
fire, rubbed briskly with the dry hand, attracts and is 
attracted by the latli. 

Lay bare also the true influence of heat in the case 
of our rulibed paper. ^Spread a cold sheet of foolscap 
on a cold board — on a table, for example. If the air be 
not very dry, rubbing, even with the india-rubl)er, will 
not make them cling together. But is it because they 
were lot that they attracted each other in tlie first in- 
stance ? No, for you may heat your board by plunging it 
into boiling wnter, and your paper by holding it in a 
cloud of steam. Tims heated they cannot Ikj made to 
cling together. The heat really acts by (jxpelling tlie 
moisttire. Cold weather, if it be only dry, is highly 
favourable to electric excitation. During frost ,the 
whisking of the hand over silk or flannel, or over a cat’s 
back, renders it electrical. 

The experiment of the Florentine academicians, 
whereby ^they proved the electric attraction of a liquid, 
is pretty, and worthy of repetition. Fill a very small 
watclvglass with oil, until the liquid forms a round 
curved surface, rising a little over the rim of thfe glass. 
A strongly excited glass tube, held over the oil, raises 
not one eminence only, but sevejal, each of which 
finally discharges a shower of drops against the attract-^ 
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ing glass. The effect is shown in fig. 5, where 6 is the 
watch-glass on the stand t, and ii the excited glass tube.* 
Cause the excited glass tube to pass close by your 
face, without touching it. You feel, like Hauksbee, as if 

Fig. 5. 



a cobweb were drawn over the face. You also sometimes 
smell a peculiar odour, due to a substance developed 
by the electricity, and called ozone. 

•Long ere this, while rubbing your tubes, you will 
have heard the ‘hissing’ and ‘ crackling’ so often re- 
ferred to by the earlier electricians ; and if you have 
rubbed your glass tube briskly in the dark, you will have 
seen what they called the ‘ electric fire.’ Using, instead 
of a tube, a tall glass jar, rendered hot, a good warm 
rubber, and vigorous friction, the streams of dectric 
fire are very surprising in the dark. 

* As a practical itieasurs the watch-glass ought to rest upon a small 
stand, and not upon a Surface of large area. The eiperiment is par> 
tieularlj well suited for projection on a screen. * 



Discovery of Coridnction and Insulation- 13 

§ 6. Discover!^ of Conduction and Insulation. 

Here I must again refer to that most meritorious 
phildfeopher Stephen Grray. In 1729, he experimented 
with a glass tube stopped by a cork. When the tube 
was rubbed, the cork attracted light bodies. Gray 
states that he was * much surprised ’ at this, and he 
‘concluded that there was certainly an attractive virtue 
communicated to the cork.’ This was the starting 
point of our knowledge of electric Conduction. 

A fir stick 4 inches long, stuck into the cork, was 
also found by Gray to •attract light bodies. He made 
his sticks longer, but still found 
a power of attraction at their 
ends. He then passed on to pack- 
thread and wire. Hanging a 
thread s, fig. 6, from the top win- 
dow of a liouse, so that the lower 
end nearly touched the ground, 
and twisting the upper end of the 
thread round his glass tube b, 
on briskly rubbing the tube, light 
bodies were attracted by the lower 
end B of the thread. 

But Gray’s roost remarkable 
experiment was this : — He sus- 
pended*a long hempen line hori- j 
zontally by loops of packthread, f 
but fkiled to transmit through it 1 
the electric power. He then sus- | 
pended it by loops of silk and | 
succeeded in sending the ^ attrac- # 
live virtue’ through 765 feet of thread* He at first 
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thought the silk was effectual- because it was thin ; 
but on replacing a broken silk loop by a still thinner 
wire, he obtained no action. Finally, he came to the 
conclusion that his l<x>ps were effectual, not because 
they were thin but because they were silh This was 
the stariii/g point of our knowledge of Insulation. 

It is interesting to notice the devotion of some men 
of science to their w6rk. Dr. Wells, who wrote a 
beautiful essay, wherein he explained the origin of 
dew, finished it when be was on the brink of the 
grave. Stephen Gray was so near dying when his last 
experiments were made, that ho was unable to write 
out an account of them. On his death-bed, and indeed 
the very day before his death, his description of them 
was taken from his lips by Dr. Mortimer, Secretary of 
the Koyal Society, and afterwards printed in the ‘ Philo- 
sophical Transactions.’ 

One word of definition will be useful here. Some 
substances, as proved by Stephen Gray, possess in a \'ery 
high degree the powcrr of permitting <dectricity to pass 
through them ; otl\er substances stop the passage of 
the electricity. Bodies of the first class are called 
comhictorB ; bodies of the second class are called 
imsuUitors. 

You cannot do better than repeat here tlie experi- 
ments of Gray, Push a cork into the open end of 
your ghiss tube ; rub the tube, carrying the friction 
up to the end holding the cork. The cork will attract 
the balanced lath, showni in fig. 4, with which you have 
already worked so much. 

But the excited glass is here so near the end of 
the cork that^ou may not feel certain that the observed 
attraction is that of the cork. You can, however, prove 
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that the cork attracts by its action upon light bodies 
which cling to it. Stick a pen-holder into the cork, and 
rub the glass tube as before. The free end of the holder 
will 4ittract the lath. Stick a deal rod three or four 
feet long into the cork ; its free end will attract the 
lath when the glass tube is excited. In this way, you 
prove to demonstration that the electric power is con- 
veyed along the rod. 

§ 7. The Electi'oaeojje. Further Enquines on Con^ 
duction and Insulation. 

A little addition lo our apparatus will now be 
desirable. You can buy a book of ‘ Dutch metal ’ for 
fourpence ; and a globular flask like that shown in fig. 7, 

Fig. 7. 



for sixpence, or at the most a shilling. Find a cork, 
c, which fits the flask ; pass a wire, «r, through the cork 
and bend it near one end at a right angle. Attach 
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by means of wax to the bent arm, which ought to be 
about three quarters of an inch long, two strips, l, of 
the Dutch metal, about three inches long and from 
half an inch to three-quarters of an inch wide. The 
strips will hang down face to face, in contact with 
each other. Stick by sealing-wax upon the other end 
of the wire a little plate of tin or sheet-zinc, x, about 
two inches in diametar. In all cases you must be 
careful so to use your wax as not to interrupt the metallic 
connection of the various parts of your apparatus, which 
we will name an electroscope. Gold leef, instead of 
Dutch metal, is usually employed for electroscopes. I 
recommend the ‘metal’ because it is cheaper, and 
will stand rougher usage. 

See that your globular flask is dry and free from 
dust. Bring your rubbed sealing-wax, r, or your rubbed 
glass, near the little plate of tin, the leaves of Dutch 
metal open out ; withdraw the excited body, the leaves 
fall together. We shall enquire into the cause of this 
action immediately. Practise the approach and with- 
drawal for a little time. Now draw your rubbed sealing- 
wax or glass along the edge of the tin plate, t. The leaves 
diverge, and after the sealing-wax or glass is withdrawn 
they remain divergent. In the first experiment you com- 
municated no electricity to the electroscope; in the 
second experiment you did. At present I will only ask 
you to take the opening out of the leaves as, a proof 
that electricity has been communicated to them. 

And now we are ready for Gray’s experiments in 
Reform ‘different from his. Connect the end of a long 
wire with the tin plate of the electroscope ; coil the other 
end round ypur glass tube. Bub the tube briskly, car- 
rying the flriction close to the coiled wire. A single 
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stroke of your rubber, if skilfully given, will cause the 
leaves to diverge. The electricity has obviously passed 
through the wire to the electroscope. 

Substitute for the wire a string of common twine, 
rub briskly and you will cause the leaves to diverge ; 
but there is a notable diflference as regards the prompt- 
ness of the divergence. You soon satisfy yourself that 
the electricity passes with greater facility through the 
wire than through the string. Substitute for the 
twine a string of silk. No matter how vigorously you 
rub you can now produce no divergence. The elec- 
tricity cannot get through the silk at all. 

This is the place to demonstrate in a manner never 
to be forgotten the influence of moisture. Wet 
your dry silk string throughout, and squeeze it a little 
so that the water from it may not trickle over your 
glass tube. Coil •it round the tube as before, and 
excite the tube. The leaves of the electroscope imme- 
diately diverge. The water is here the conductor. The 
influence of moisture was first demonstrated by Du Fay 
(1733 to 1737), who succeeded in sending electricity 
through 1,256 feet of moist packthread. 

It is hardly necessary to point out the meaning of 
Gray’s experiment where he found that, with loops of 
w ire or of packthread, he could not send the electricity 
from end to end of his suspended string. Obviously 
the electricity escaped in each of these cases through 
the conducting support to the earth. 

My assistant, Mr. Cottrell, who has been working very 
hard for you and me, has devi^ an electroscope which 
we shall frequently employ in our lessons, if, fig. 8, is 
a little plate of metal, or of wood covered i|ith tin-foil, 
supported on a rod a of glass or of sealing-wax. n is 
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another plate of Dutch metal paper, separated about an 
inch from i£, and attached by sealing-wax to the long 
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straw 1 1' (broken off in the figure) ; a a' is a horizontal 
pivot formed by a sewing needle, ^nd supported on a bent 
strip of metal, as shown in the figure. By weighting the 
straw with a little wire near i', you so balance it that the 
plate N shall be just lifted away from m. The wire 
which may be 100 feet long, proceeds from m to your 
glass tube, round which it is coiled. A single vigorous 
stroke of the tube by the rubber sends electricity along 
^ to M ; N is attracted downwards, the other end of the 
long straw being lifted through a considerable distance. 
In subsequent figures you will see the complete straw- 
index, and its modes of application. 

A few experiments with either of these instruments 
will enable you to classify bodies as conductors, semi- 
conductors, and insulators. Here is a list of a few of 
each, which, however, differ much among themselves. 

Conductors. 

The common metals 
Well-burned charcoal 
Concentrated acids 
Solutions of salts 
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Rain water 
Linen 

Living vegetables and animals. 
Semi-conductors* 


Alcohol and ether Paper 

Dry wood Straw. 

Marble 

Insulators* ^ 

Fatty oils Silk 

Chalk Glass 

India-rubber Wax 

Dry paper Sulphur 

Hair Shellac. 


A little reflection will enable you to vary these 
experiments indefinitely. Rub your excited sealing- 
wax or glass against the tin plate of your electroscope, 
and cause the leaves to diverge. Touch the plate with 
any one of the conductors mentioned in the list ; the 
electroscope is immediately discharged. Touch it with 
a semi-conductor; the leaves fall as before, but less 
promptly. Touch the plate finally with an insulator, the 
electricity cannot pass, and the leaves remain unchanged. 

§ 8. Electrics and Non-ElectHcs* 

Fof a long period, bodies were divided into electrics 
and nxm-dectrics^ the former deemed capable of bein^ 
electrified, the latter not. Thus the amber of the an- 
cients, and the spars, gems, fossils, istones, glasses, and 
resins, operated on by Dr. Gilbert, were called electiios. 
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while all the metals were called non-electrics. We must 
now determine the true meaning of this distinction. 

Take in succession a piece of brass, of wood coated 
with tin-foil, a lead bullet, apples, pears, tumipp, car- 
rots, cucumbers — uncoated wood not very dry will also 
answer — in the hand, and strike them briskly with 
flannel, or the fox’s brush; none of them will attract 
the balanced lath, fig/ 4, or show any other symptom 
of electric excitement. All of them therefore would 
have been once called non-electrics. 

But suspend them in succession by a string of silk 
held in the hand, and strike j^hem again ; every one 
of them will now attract the lath. 

Reflect upon the meaning of this experiment. We 
have introduced an insulator — the silk string — be- 
tween the hand and the body struck, and we find that 
by its introduction the non-electric has been converted 
into an electric. 

The meaning is obvious. When held in the hand, 
though electricity was developed in each case by the 
friction, it passed immediately through the hand and 
body to the earth. This transfer being prevented by 
the^ silk, the electricity, once excited, is retained, and 
the attraction of the lath is the consequence. 

In like manner, a brass tube, held in the hand and 
struck with a fox’s brush, shows no attractive power ; 
but when a stick of sealing-wax, ebonite, or gutta- 
percha is thrust into the tube as a handle, the striking 
of the tube at once develops the power of attraction. 

« And now you see more clearly than you did at first 
the meaning of the experiment with the heated 
foolscap ai^d india-rubber. Paper and wood always 
imbibe a certain amount of moisture from the air. 
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When the rubber was passed over the cold paper elec- 
tricity was excited, but the paper, being rendered a 
conductor by its moisture, allowed the electricity to 
pass*away. 

Prove all things. Lay your cold foolscap on a cold 
board supported by dry tumblers; pass your india- 
rubber over the paper ; lift it by a loop of silk, which 
has been previously attached io it, for if you touch 
it it will discharge itself. You will find it electric ; 
and with it you can charge your electroscope, or attract 
from a distance your balanced lath. 

The human body was ranked among the non-elec- 
trics. Make plain to yourself the reason. Stand upon 
the fioor and permit a friend to strike you briskly with 
the fox’s brush. Present your knuckle to the balanced 
lath, you will find no attraction. Here, however, you 
stand upon the earth, so that even if electricity had 
been developed, there is nothing to hinder it from 
passing away. 

But, place upon the ground four warm glass 
tumblers, and upon the tumblers a board.^ Stand upon 
the Board, and present your knuckle to the lath. A 
single stroke of the fox’s fur, if skilfully given^ will 
produce attraction. If you stand upon a cake of resin, 
of ebonite, or upon a sheet of good india-rubber, the 
effect will be the same. You can also charge your 
electroscope with this electricity. 

Throw a mackintosh over your shoulders and let a 
frieifd strike it with the fox’s brush, the attractive force 
is greatly augmented. 

' Some caution is necessary here. A large class of cheap glass 
tumblers conduct so freely that they are unfit for thift and similar ex- 
periments. See § 19. 



22 


Lessons in Electricity. 


After brisk striking, present your knuckle to the 
knuckle of your friend. A spark will pass between you. 

This experiment with the mackintosh further illus- 
trates what you have already frequently observed, namely, 
that it is not friction alone, but the friction of special 
Bubstancesi,against each other, that produces electricity. 

Thus we prove that non-electrics, like electrics, can 
be excited, the condition of success being, that an insu- 
lator shall be interposed between the non-electric and 
the earth. It is obvious that the old division into 
electrics and non-electrics, really meant a division into 
insulators and conductors. 


§ 9. Electric Repulsions. Discovery of two Electricities. 

We have hitherto dealt almost exclusively with 
electric attractions, but in an experiment already re- 
ferred to (§ 2), Otto von Guericke observed the repul'- 
8 ion of a feather by his sulphur globe. I also antici- 
pated matters in the use of our Dutch metal electroscope 
(§ 7), where the repulsion of the leaves informed us 
of the arrival of the electricity. 

Du Fay, who was the real discoverer here, found a 
gold-leaf floating in the air to be first attracted and 
then repelled by the same excited body. He afterwards 
proved that when tlie floating leaf was repelled by rubbed 
glass, it was attracted by rubbed resin, — and that when 
it was repelled by rubbed resin, it was attracted by 
rubbed glass. Hence the important announceme&t, by 
Du Fay, that tliere are two kinds of electricity. 

The electricity excited on glass was for a time 
called vitrefms electricity, — while that excited on 
sealing-wax was called resinous electricity. These 
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terms are however improper ; because, by changing the 
rubber, we can obtain the electricity of sealing-wax 
upon glass, and the electricity of glass upon sealing- 
wax# 

Koughen, for example, the surface of your glass tube 
with a grindstone, and rub it with flannel, the electricity 
of sealing-wax will be found upon the vitreous surface. 
Eub your sealing-wax with vuleanised india-rubber, the 
electricity of glass will be found upon the resinous 
surface. You will be able to prove this immediately. 

We now use the term positive or plus electricity to 
denote that developed pn glass by the friction of silk; and 
negative or minus electricity to denote that developed 
on sealing-wax by the friction of flannel. These terms 
are adopted purely for the sake of convenience. There is 
ho reason in nature why the resinous electricity should 
not be called positive, and the vitreous electricity nega- 
tive. Once agreed, however, to apply the terms as here 
fixed, we must adhere to this agreement throughout. 


t § 10. Fundamental Laiv of Electric Action. 

In all the experiments which we have hitherto made, 
one of the substances operated on has been electrified 
by friction, and the other not. But once engaged in 
enquiries of this description, questions incessantly occur 
to the mind, the answering of which extends our know- 
ledge, and suggests other questions. Suppose, instead of 
exciftng only one of the bodies presented to each other, 
we were to excite both of them, what would occur ? This 
is the question which was asked and answered by Du 
Fay, and which we must now answr for q^rselves. 

Here your wire loop, fig. 1, comes again into play. 
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Place an un-rubbed gutta-percha tube, or a stick of 
sealing-wax, in the loop, and be sure that it is un-rubbed 
— that no electricity adheres to it from former experi- 
ments* If it fail to attract light bodies, it is unexqited ; 
if it attract them, pass your hand over it several times, 
or, better^ still, pass it over or through the flame 
of a spirit lamp. This will remove every trace of 
electricity. Satisfy yojirself that the un-rubbed gutta- 
percha tube is attracted by a rubbed one. 

Eemove the un-rubbed tube from the loop, and ex- 
cite it with its flannel rubber. One end of the tube is 
held in your hand and is therefore unexcited. Return 
the tube to the loop, keeping your eye upon the excited 
end. Bring a second rubbed tube near the excited end 
of the suspended one : strong repulsion is the conse- 
quence. Drive the suspended tube round and round 
by this force of repulsion. 

Bring a rubbed glass tube near the excited end of 
the gutta-percha tube : strong attraction is the result. 

Repeat this experiment step by step with two 
glass tubes. Prove that the rubbed glass tube attracts 
the un-rubbed one. Remove the un-rubbed tube^ from 
the Joop, excite it by its rubber, return it to the loop, 
and establish the repulsion of glass by glass. Bring 
rubbed gutta-percha or sealing-wax near the rubbed 
glass : strong attraction is the consequence. 

These experiments lead you directly to the funda- 
mental law of electric action, which is this : — Bodies 
charged with the same electricity repel each *other^ 
wkUe bodies charged with opposite electricities attract 
each other. Positive repels positive^ and attracts nega- 
tive. Negative rep^ negcUivCy and attracts positive. 

. Devise experiments which shall still further illus- 
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trate this law. Eepeat, for example, Otto von Guericke's 
experiment. Hang a feather by a. silk thread and 
bring your rubbed glass tube near it: the feather is 
attracted, touches the tube, charges itself with the elec- 
tricity of the tube, and is then repelled. Cause it to 
retreat from the tube in various directions.^ Du Fay’s 
experiment with the gold-leaf will be repeated and 
explained further on. See § 1 

Hang your feather by a common thread : if no insu- 
lating substance intervenes between the feather and the 
earth, you can get no repulsion. Why? Obviously 
because the charge of positive electricity communicated 
by the rod, is not retained by the feather, but passes 
away to the earth. Hence, you have not positive acting 
against positive at all. Why the neutral body is at- 
tracted by the electrified one, will, as already stilted, 
appear by and by. 

Attract your straw needle by your rubbed glass 
tube. Let the straw strike the tube, so that the one 
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shall rub against the other. The straw accepts the 
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electricity of the tube and repulsion immediately follows 
attraction, as shown in fig. 9. 

Mr. Cottrell has devised the simple electroscope 
represented in fig. 10 to show repulsion, a is a stem of 
sealing-wax with a small circle of tin t at the top. w 
is a bent ;?^ire proceeding from t, with a small disk 
attached to it by wax. 1 1' is a little straw index, 
supported by the needle n, as shown in fig. 10. The 
stem k\ also of sealing-wax, is not quite vertical, the 
object being to cause the bit of paper i', to rest close 


Fig. 10. 



to w when the apparatus is not electrified. When 
electricity is imparted to t, it flows through the wires 
w and over both disk and index : immediate repul- 
sion of the straw is the consequence. 

«• No t)etter experiment can be made to illustrate the 
self-repulsive character of electricity than the follow- 
ing one. Heat yo?ir square board (§ 5), and warm, 
as before, your sheet of foolscap. Spread the paper 
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upon the board, and excite it by the friction of india- 
rubber. Cut from the sheet two long strips with your 
penknife. Hold the strips together at one end. Separate 
them from the board, and lift them into the air : they 
forcibly drive each other apart, producing a wide diver- 
gence. 

Cut several strips, so as to form a kind of tassel. 
Hold them together at one end. Separate them from 

Fip. 11. 



the board, and lift them into tlie air : they are driven 
asunder by the self-repellent electricity, presenting an 
appearance which may remind you of the hair of 
Medusa. The effect is represented in fig. 11.* 

* In one of my earliest lectures at the Royal Institution, haring 
rubbejj a sheet of foolscap, I was about to lift it bodily from the hot 
board, and to place it against the wall, when the thought cutting it 
into strips, and allowing them to act upon each other, occurred to 'the. 
The result, of course, was that abore described. Simple and obrious as 
it was, it gave Faraday, who was present at the time, the most lively 
pleasure. The simplest experiment, if onl^ suited 0b its object, de- 
lighted him. 
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Another very beautiful experiment fits in here. 
Let fine silver sand, s, fig. 12, issue in a stream from a 
glass funnel, through an aperture one-eighth of an inch 
in diameter. Connect the sand in the funnel by a# fine 
wire w, fig. 13, with your warm glass tube. Unelectrified, 
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the sand particles descend as a continuous stream, ss', 
fig. 1 2, but at every stroke of the rubber they fly asunder, 
as in fig. 13, through self- repulsion. ‘ 

Or let three or four fine fillets of water issue from 
three or four pin-holes in the bottom of a vessel close 

c 

' For theBe, and alao for experiments with the electroscope, the 
teacher of a large class will find the lime-light shadows upon a white 
screen (or bettei!i.* still, tUhse of the electric light) exceedingly useful. 
The efl^ts are thus rendered Tisible to all at once. 
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to each other. Connect the water of the vessel with 
your glass tube, and rub as before. The liquid veins 
are scattered into spray by every stroke of the rubber. 

yhese experiments are best made with ^Cottrell’s 
rubber,’ described in § 24. 

And now you must learn to determine with cer- 
tainty the quality of the electricity with which any body 
presented to you may be charge^. You see immediately 
that attraction is no sure test, because un-electrified 
bodies are attracted. Further on (§ 14) you will be 
able to grapple with another possible source of error in 
the employment of attraction. 

In Hfttorjmmn^ you must ascertain, by 

trial, the kind of electricity by which the charged body 
is repelled ; if, for example, any electrified body repel, 
or is repelled by, sealing-wax rubbed with flannel, the 
electricity of the body is negative ; if it repel, or is 
repelled by, glass, rubbed with silk, its electricity is 
positive. Du Fay had the sagacity to propose this 
. mode of testing quality. 

Apply this test to the strips of foolscap paper ex- 
citefl by the india-rubber. Bring a rubbed gutta-percha 
tube near the electrified strips, you have strong attrac- 
tion. Bring a rubbed glass tube between the strips, 
you have strong repulsion and augmented divergence. 
Hence, the electricity, being repelled by the positive 
glass, is itself positive. 

§ fl. Electricity of the Rvhber. Double or ‘ Polar ’ 
Character of the Electric Force. 

We have examined the action^of eacl^ kind of elec- 
tricity upon itself, and upon the otheif kind; but hitherto 
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we have kept the rubber out of view. One of the ques- 
tions which inevitably occur to the enquiring scientific 
mind would be : how is the rubber affected by the act of 
friction ? Here, as elsewhere, you must examine ,the 
subject for yourself, and base your conclusions on the 
facts you esja^blish. 

Test your rubber then, by your balanced lath. The 
lath is attracted by the flannel which has rubbed against 
gutta-percha ; and it is attracted by the silk, which has 
rubbed against glass. 

Regarding the quality of the electricity of the 
flannel or of the silk rubber, the ^attraction of the lath 
teaches you nothing. But, suspend your rubbed glass 
tube, and bring the flannel rubber near it : repulsion 
follows. The silk rubber, on the contrary, attracts the 
glass tube. Suspend your rubbed gutta-percha tube, 
and bring the silk rubber n^ar it : repulsion follows. 
The flannel, on the contrary, attracts the tube. 

The conclusion is obvious: the electricity of the 
flannel is positive, that of the silk is negative. 

But the flannel is the rubber of the gutta-percha, 
whose electricity is negative ; and the silk is the rubber 
of the^glass, whose electricity is positive. Consequently, 
we have not only proved the rubber to be electrified by 
the friction, but also proved the electricity of the rubber 
to be opposite in quality to that of the body rubbed. 

All your subsequent experience will verify the 
statement that the two electricities always go together; 
that you cannot excite one of them without at the 
same time exciting the other, and that the electricity 
of the rubber, though opposite in quality, is in all 
oases precisely equal in quantity to that of the body 
rubbed. 
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And now we will test these principles by a new 
experiment. In § 5 we learned that an ebonite comb is 
electrified by its passage through dry hair. You can 
readily prove the electricity of the comb to be negative. 
But the hair is here the rubber, and, in accordance with 
the principle just laid down, an equal quantity of 
positive electricity has been excited in the hair. If 
you stand on the ground uninsulated, the electricity of 
the hair passes freely through your body to the earth. 

But stand upon an insulating stool ' — on your board, 
for example, supported by four warm tumblers — while 
I, standing on the ground, pass the comb briskly through 
your hair. I pass it ten, twenty, thirty times, and then 
ask you to attract your balanced lath. You present 
your knuckle, but there is no attraction. 

Here the comb and the hair soon reach their maxii 
mum excitement, beyond which no further development 
of electricity occurs. Now, though the comb, as shown 
in § 5, is competent to attract the lath, while your body 
is here incompetent to do so, this may be because the 
small quantity of electricity existing in a concen- 
trated* form upon the comb becomes, when diffused over 
the body, too feeble to produce attraction. ^ 

Can we not exalt the electricity of your body? 
Guided by the principles laid down, let us try to do so. 
First I pass the unelectrified comb through your hair ; it 
comes a\^ay electrified. After discharging the comb by 
passing my hand closely over it, I pass it again through 
the hair. As before, it quits the hair electrified, and I 

* A stoo^ with glass legs which, to protect them from the moistcre 
of the air, are usually coated with a solution of shellac. Eegarding 
the attraction of glass for atmospheric humidity, you will call to mind 
what has been said in § 6. 
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again discharge it, I do this ten or twenty times, 
always depriving the comb of its electricity after it has 
quitted the hair. Now present your knuckle to the 
balanced lath. It is powerfully attracted. 

Here, as I have said, the unelectrified comb carried 
in each ca?e electricity away %vith it ; but, in accordance 
with the foregoing principles, it left an equal quantity 
of the opposite electricity behind it. And though the 
amount of electricity corresponding to a single charge 
of the comb, when diffused over the body, proved insen- 
sible to our tests, that amount ten or twenty times 
multiplied became not only sensible, but strong. Indeed, 
by discharging the comb, and passing it in each case 
unelectrified through the hair, the insulated human body 
can be rendered highly electrical. 

Near the beginning of this section I said, in rather 
an off-hand way, that rubbed flannel repels rubbed glass, 
while rubbed silk repels rubbed gutta-percha. Now, 
while it is generally easy to obtain the repulsion by the 
flannel, it is by no means always easy to obtain the 
repulsion^ by the ,|alk. Over and over again I have 
been foiled in my attempts to show this repulsicfo, I 
wisl^you, therefore, to be aware of an infallible method 
of obtaining it. 

Stand on your insulating stool, and rub youir glass 
tube briskly with the amalgamated silk ; hand me the 
tube. I pass my hand closely over its surface, removing 
from that surface nearly the whole of its electricity. I 
hand you the tube again, and you again excite it. 4 You 
band it*to me, and 1 again discharge it. In each case, 
therefore, you excite an unelectrified glass tube, and in 
estbh case thp tube Jeaves behind upon the rubber an 
amount of negative electricity equal in quantity to the 
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positive carried away. By thus adding charge to 
charge, the rubber is rendered highly electrical ; and, 
even should its insulating power be impaired by the 
amalgam, it can now afford to yield a portion of its 
electricity to your hand and body, and still powerfully 
repel rubbed gutta-percha. The principle, which 
might be further illustrated, is obviously the same as 
that applied in the case of the oomb. 

§ 12. What is Electricity? 

Thus far we have proceeded from fact to fact, ac- 
quiring knowledge of a very valuable kind. But facts 
alone cannot satisfy us. We seek a knowledge of the 
principles which lie behind the facts, and which are to 
be discerned by the mind alone. Thus, having spoken 
as we have done, of electricity passing hither and 
thitlier, and of its being prevented from passing; 
hardly any thoughtful boy or girl can avoid asking 
what is it that thus passes ? — what is electricity ? 
Boyle and Newton betrayed their need of an answer to 
this question when the one imagined his unctuous 
threads issuing from and returning to the electrified 
body; and when the other imagined that an elastic 
fluid existed which penetrated his rubbed glass. 

When I say ‘ imagined ’ I do not intend to repre- 
sent the«iotions of these great men as vain fancies. 
Without imagination we can do nothing here. By 
imagination I mean the power of picturing mentally 
things which, though they have an existence as real £2s 
that of the world around us, cannot be touched directly 
by the organs of sense. I mean the purified scientific 
imagination, without the exercise of which we cannot 
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take a single step into the region of causes and prin- 
ciples. 

It was by the exercise of the scientific imagination 
that Franklin devised the theory of a si^le ebctric 
fluid to explain electrical phenomena. This fluid he 
supposed to be self-repulsive, and diffused in definite 
quantities through all bodies. He supposed that when 
a body has more than® its proper share it is positively, 
when less than its proper share it is negatively elec- 
trified. It was by the exercise of the same faculty that 
Symgj^er devised the theory of two electric fluids, each 
self-repulsive, but both mutually attractive. 

At first sight Franklin’s theory seems by far the 
simpler of the two. But its simplicity is only apparent. 
For though Franklin assumed only one fluid, he was 
obliged to assume three distinct actions. Firstly, he 
had the self-repulsion of the electric particles. Secondly, 
the mutual attraction of the electric particles and the 
ponderable particles of the body through which the 
electricity was diffused. Thirdly, these two assump- 
tions when strictly followed out lead to the unavoidable 
conclusion that the material particles also mutually 
repel each other. Thus the theory is by no means so 
simple as it appears. 

The theory of Symmejr, though at first sight the 
most complicated, is in reality by far the simpler of Ihe 
two. According to it electrical actions are produced 
by two fljjids, each self-repulsive, but botth mutually 
attractive. These fluids cling to the atoms of ibatter, 
dhd carry the matter to which they cling along with 
them. Every body, in its natural condition, pos- 
sesses bothc. fluids fin equal quantities. As long as 
the fluids are mixed together they neutralise each other, 
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the body in which they are thus mixed being in its 
natural or unelectrical condition. 

By friction (and by various other means) these two 
fluioJfe may be tom asunder, the one clinging by pre- 
ference to the rubber, the other to the body rubbed. 

According to this theory there must a^ays be at- 
tmction between the rubber and the body rubbed, be- 
cause, as we have proved, they a!*e oppositely electrified. 
This is in fact the case. And mark what I now say. 
Over and above the common friction, this electrical at- 
traction has to be overcome whenever we rub glass with 
silk, or sealing-wax with flannel. 

You are too young to fully grasp this subject 
yet ; and indeed it would lead us too far away to 
enter fully into it. But I will throve out for future 
reflection the remark, that the overcoming of the 
ordinary friction produces beat then and there upon 
the surfaces rubbed, while the force expended in over- 
coming the electric attraction may be converted into 
heat which shall appear a thousand miles away from 
the place where it was generated. 

Theoretic conceptiona are incessantly checked and 
corrected by the advance of knowledge, and this thfeory 
of electric fluids is doubted by many eminent scientific 
men. It will, at all events, have to be translated into 
a form which shall connect it with heat and light, 
before it can be accepted as complete. Nevertheless, 
keeping ourselves unpledged to the theory, we shall 
find it* of exceeding service both in unravelimg^and in 
connecting together electrical phenomena. 
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§ 1 3. Electric Induction. Definition of the Term. 

We have now to apply the theory of electric fluids 
to the important subject of electric induction. 

It was ‘noticed by early observers that contact was 
not necessary to electrical excitement, Otto von 
Guericke, as we have Already seen (§2), found that a 
body brought near his sulphur globe became electrical. 
By bringing his excited glass tube near one end of a 
conductor, Stephen Gray attracted light bodies at the 
other end. He also obtained attraction through the 
human body. From the human body also Du Fay, 
to his astonishment, obtained a spark. Canton, in 
1753, suspended pith-balls by thread, and holding an 
excited glass tube, at a considerable distance from them, 
caused them to diverge. On removing the tube the 
balls fell together, no permanent charge being im- 
parted to thena. Such phenomena were further studied 
and developed by Wilcke and iEpinus, Coulomb and 
Poisson. 

These and all similar results are embraced by the 
law,* that when an electrified body is brought near an 
unelectrified conductor, the neutral fluid of the latter is 
decomposed ; one of its constituents being attracted, the 
other repelled. When the electrified body is with- 
drawn, the separated electricities flow again “together 
and render the conductor unelectric. 

Thia decorn pos ition. of the ne^jti^V^fluid by the m^re 
presence of an electrified body is called induction. It 
is also called electrification by influence. 

If, wl)|t4 it is ilnder the influence of the electrified 
body, the body influenced be touched, the free electri- 
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city (which is always of the same kind as that of the 
influencing body) passes away, the opposite electricity 
being held captive. 

On removing the electrified body the captive elec- 
tricity is set free, the conductor being charged with 
electricity opposite in kind to that of the body which 
electrified it. 

You cannot do better here than repeat Stephen 
Gray’s experiment. Support a small plank or lath, l l', 
fig. 14, upon a warm tumbler, a, and bring under one of 


Fig. 14. 



its ends, L, and within four or five inches of that end, 
scraps of light paper or of gold leaf. Excite your 
glass tube, R, vigorously, and bring it over the other end 
of the plank, without touching it. The ends may be six 
or eight feet apart ; the light bodies will be attracted. 
The experiment is easily made, and you are nat to rest 
satisfied till you can make it with ease and certainty. 

This is a fit place to repeat that you must keep a 
close eye upon the tumblers you employ for insulation. 
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Some of them, made of common glass, are hardly to be 
accounted insulators at all. 

§14. Experimental Researches on Electric Induction. 

Our mastery over this subject of induction must 
be complete ; for it underlies all our subsequent enquiries. 
Without reference to it nothing is to be explained ; 
possessed of it you will enjoy not only a wonderful 
power of explanation, but of prediction. We will 
attack it, therefore, with the determination to exhaust it. 

And here a slight addition must be made to our 
apparatus. We must be in a condition to take samples 
of electricity, and to convey them, with 
the view of testing them, from place to 
place. For this purpose the little ‘ car- 
rier,’ shown in fig. 15, will be found 
convenient, t is a bit of tin-foil, two or 
three inches square. A straw stem is 
stuck on to it by sealing-wax, the lower 
end of the stem being covered by seal- 
ing-wax. To make the insulation sure, 
the part between r and s' is wholly of 
sealing-wax. You can have stems of 
ebonite, which are stronger, for a few 
pence ; but you can have this one for a 
fraction of a penny. The ev^d r' is to be 
held in the hand ; the electrified body is 
to be touched by t, and the electricity 
conveyed to an electroscope to be tested. 

Touch your rubbed glass rod with t, and then touch 
your electroscope: the leaves diverge with positive 
electricity* ’^Touch your rubbed gutta-percha or seal- 
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ing-wax with t, and then touch your electroscope : the 
leaves diverge with negative electricity. If the elec- 
tricity of any body augment the divergence produced 
by the glass, the electricity of that body is positive. 
If it augment the divergence produced by the gutta- 
percha, the electricity is negative. And now we are 
ready for further work. 

Place an egg, e, fig. 16, on il^s side upon a dry wine- 


Fig. 16 . 



glass bring your excited glass tube, G, within an inch or 
so of the end of the egg. What is the condition of the 
egg? Its electricity is decomposed; the negative fluid, 
covering the end a adjacent to the glass, the positive 
covering the other end h. Eemove the glass tube ; 
what occurs?,. The two electricities flow together and 
neutrality is restored. Prove this neutrality. Neither 
a carrier touching the egg, nor the egg itself, has any 
power to affect your electroscope, or to attraet yoijr 
balanced lath. 

Again, bring the excited tube near the egg. Touch 
its distant part 5 with your carrier. The carrier now 
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attracts the straw (fig. 2) or the balanced lath (fig. 4). 
It also causes the leaves of your electroscope to diverge. 
What is the quality of the electricity ? It repels and is 
repelled by rubbed glass ; the electricity at b is therefore 
positive. Discharge the carrier by touching it, and 
bring it into contact with the end a of the egg nearest 
to the glass tube. The electricity you take away repels 
and is repelled by gutta-percha. It is therefore 
negative. Test the quality also by the electroscope. 

While the tube a is near tlie egg touch the end h with 
your finger ; now try to charge the carrier by touching 
6 : you cannot do so — the positive electricity has dis- 
appeared. Has the negative disappeared also? No. 
Remove the glass tube, and once more touch the egg 
at h by the carrier. It is charged, not with positive, 
but with negative electricity. Clearly understand this 
experiment. The neutral electricity of the egg is first 
decomposed into negative and positive ; the former 
attracted, the latter repelled by the excited glass. The 
repelled electricity is free to escape, and it has escaped 
on your touching the egg with your finger. But the 
attracted electricity cannot escape as long as the in- 
fluepcing tube is held near. On removing the tube 
which holds the negative fluid in bondage, that fluid 
immediately diffuses itself over the whole egg. An 
apple, or a turnip, will answer for these experiments at 
least as well as an egg. 

Discharge the egg by touching it. Ee-excite the 
glass tube and bring it again near. Touch the egg 
with a %ire or with your finger at a. Is it the negative at 
a, into which you plunge your finger, that escapes ? No 
such thing.^ The free positive fluid passes through the 
native, and through your finger to the earth. Prove 
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this by removing, first, your finger, and then the glass 
tube. The egg is charged negatively. 

Again ; place two eggs, e e, fig. 17, lengthwise on two 
dry wine-glasses, g gr, and cause two of their ends to 
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touch each other, as at c. Bring your rubbed glass rod 
near the end a, and while it is there separate the eggs by 
moving one glass away from the other. Witlidraw the 
rod and test both eggs, a repels rubbed sealing-wax, and 
h repels rubbed glass ; a is therefore negative, h is posi- 
tive# The two charges, moreover, exactly neutralise each 
other in the electroscope. Again bring the eggs toge- 
ther and restore the rubbed tube to its place tt. 
Touch a and then separate the eggs, Eemove the glass 
rod and test the eggs, a is negative, h is neutral. Its 
electricity has escaped through the finger, though placed 
at a. 

Equally good, if not indeed more handy, for these 
experiments are two apples a a, fig. 18, supported on 
stems of sealing-wax. A needle is heated and sunk in 
each case into the stick of wax at the top, and on to the 
needle the apple is pushed. The %ealingAvax stems are 
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stuck on by melting to little foot-boards. By arrange- 
ments of this kind you make experiments which are 

Fig. 18. 



more instructive than those usually made with instru- 
ments twenty times more expensive. 


Fig. 19. 



Push your researches still farther, and instead of 
bringing the %ga or apples together, place them six feet 
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or so apart, and let a light chain, c, fig. 19, or a wire, 
stretch from one to the other. Two brass balls, or wooden 
balls covered with tin-foU, supported by tall drinking 
glasses, G g', will be better than the eggs for this experi- 
ment, for they will bear better the strain of the chain ; 
but you can make the expeiiment with the eggs, or very 
readily with the two apples or two turnips. H)r the pre- 
sent we will suppose the straw-index 1 1' not to be there. 
Eub your glass tube E, and bring it near one of the 
balls ; test both: the near one, t', is negative, the distant 
one, T, positive. Touch the near one, the positive elec- 
tricity, which had been . driven along the chain to the 
remotest part of the sj^stem, returns along the chain, 
passes through the negative, which is held captive by 
the tube, and escapes to the earth. When the tube r 
is removed, negative electricity overspreads both chain 
and balls. 

In fig. 8 you made the acquaintance of the plate n, 
and the straw-index 1 1 ', shown on a smaller scale in 
fig. 19. By their means you immediately see both the 
effect of the first induction, and the consequence of 
touching any part of the system with the finger. The 
plate N rests over the ball or turnip T, the position of 
the straw-index being tliat shown by the dots. Bting 
the rubbed tube near t' : the end N of the index im- 
mediately descends and the other end rises along the 
graduated scale. Remove the glass rod ; the index 1 1' 
immediately falls. Practise this approach and with- 
drawal, and observe how promptly the index declares 
the separation and recomposition of the fluids. • 

While the tube is near ify and the end N of the index 
is attracted, let if be touched by the finger. The end N 
is inamediately liberated, for the elediricity which pulled 
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it down escapes along the chain and through the finger 
to the earth. Now remove your excited tube. The 
captive negative electricity diffuses itself over both balls, 
and the index is again attracted. 

Instead of the chain you may interpose between the 
balls 100 feet of wire supported by silk loops. This is 
done in fig. 20, which shows the wire w supported by 


' Fig. 20. 



the silk strings s s s. For the ball or turnip t', fig. 
19, Ihe cylinder c, on a glass support g, is substituted, 
the little table m taking the place of the ball T. Every 
approach and withdrawal of the rubbed glass tube R is 
followed obediently by the attraction and liberation of 
N, and the corresponding motion of the index n i. 

Bepeat here an experiment, first made by a grea.t elec- 
trician •named .^pinus. I wish you to make these 
historic experiments. Insulate an elongated metal con- 
ductor, .c o', fig. 21, or one formed of wood coated with 
tin-foil — even a carrot, cucumber, or parsnip, so that 
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it be insulated, will answer. Let a small weight, w, 
suspended from a silk string, s, rest on one end of the 
conductor, and hold your rubbed glass tube, k, over the 


Fig. 21. 





other end. You can predict beforehand what will occur 
when you remove the weight. It carries away with it 
electricity, which repels nibbed glass, and attracts your 
balanced lath. 

Stand on an insulating stool ; or make* one by 
placing a board on four warm tumblers. Present 
the knuckles of your right hand^ to thew end of the 
balanced lath, and stretch forth your left arm. There 
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is no attraction. But let a friend or an assistant 
bring the rubbed glass tube over the left arm; the 
lath immediately follows the right hand. 

Touch the lath, or any other uninsulated bod^ ; the 
‘ attractive virtue,’ as it was called by Gray, disappears. 
After this^as long as the excited tube is held over the 
arm there is no attraction. But when the tube is 
removed the attractive power of the hand is restored. 
Here the first attraction was by positive electricity 
driven to the right hand from the left, and the second 
attraction by negative electricity, liberated by the re- 
moval of the glass rod. Experiment proves the logic 
of theory to be without a flaw. 

Stand on an insulating stool, and place your right 
hand on the electroscope : there is no action. Stretch 
forth the left arm and permit an assistant alternately 
to bring near, and to withdraw, an excited glass tube. 
The gold leaves open and collapse in similar alternation. 
At every approach, positive electricity is driven over ,the 
gold leaves ; at every withdrawal, the equilibrium is 
restored. 

We are now in a condition to repeat, with ease, the 


Tig. 22. 



experiment of Du Fay mentioned in § 13. A board is 
iuppoited by fonr silk ropes, and on the board is 
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stretched a boy. Bring his forehead, or better still his 
nose, under the end of your straw index 1 1 ', fig, 22, 
Then bring down over his legs your rubbed glass tube ; 
instantly the end i' is attracted and the end i rises 
along the graduated scale. Before the end i' comes 
into contact with the nose or forehead a spark passes 
between it and the boy. 

I will now ask you to charge your Dutch metal elec- 
troscope (fig. 7) positively by rubbed gutta-percha, and 
to charge it negatively by rubbed glass. A moment’s 
reflection will enable you to do it. You bring your 
excited body near : thQ same electricity as that of the 
excited body is driven over the leaves, and they diverge 
by repulsion. Touch the electroscope, the leaves col- 
lapse. Withdraw your finger, and withdraw afterwards 
the excited body : the leaves then diverge with the 
opposite electricity. 

The simplest way of testing the quality of electri- 
city is to charge the electroscope with electricity of a 
known kind. If, on the approach of the body to be 
tested, the leaves diverge still wider, the leaves and the 
body are similarly electrified. The reason is obvious. 

Omitting the last experiment, the wealth of know- 
ledge which these researches involve might be placed 
within any intelligent boy’s reach by the wise expen- 
diture of half-a-crown. 

Once firmly possessed of the principle of induction 
and vdrsed in its application, the difficulties of our subject 
will melt away before us. In fact our subsequent woric 
will consist mainly in unravelling phenomena by the 
aid of this principle. 

Without a knowledge of this principle we could 
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render no account of the attraction of neutral bodies 
by our excited tubes. In reality the attracted bodies 
are not neutral : they are first electrified by influence, 
and it is because they are thus electrified that they 
are attracted. 

This i» the place to refer more fully to a point 
already alluded to. Neutral bodies, as just stated, 
are attracted, because Hhey are really converted into 
electrified bodies by induction. Suppose a body to be 
feebly electrified positively, and that you bring your 
rubbed glass tube to bear upon the body. You clearly 
see that the induced negative electricity may be strong 
enough to mask and overcome the weak positive charge 
possessed by the body. We should thus have two bodies 
electrified alike, attracting each other. This is the 
danger against which I promised to warn you in § 10, 
where the test of attraction was rejected. 

We will now apply the principle of induction to 
explain a very beautiful invention, made known by 
the celebrated Volta in 1775. 

§ 15. The Electrophorus. 

Cut a circle, t, fig. 23, 6 inches in dimeter out of 
sheet zinc, or out of common tin. Heat it at its centre 
by the flame of a spirit-lamp or of a candle. Attach to 
it there a stick of sealing-wax, h, which, when the metal 
cools, is to serve as an insulating handle? — You have now 
the lid of the electrophorus. A resinors surface, ot what 
is simpler a sheet of vulcanised india-rubber, p, or even 
of hot brown paper, will answer for the plate of the 
electrophoriss. t 

Bub your < plate ’ with flannel, or whisk it briskly 
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with a fox’s brush. It is thereby negatively electrified. 
Place the ‘lid’ of your electrophorus on the excited 
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surface : it touches it at a few points only. For the 
most part lid and plate are separated by a film of 
air. 

The excited surface acts by induction across this 
film upon the lid, attracting its positive and repelling 
its negative electricity. You have in fact in the lid 
two lasers of electricity, the lower one, which is ‘bound,’ 
positive ; the Mpper one, which is ‘ free,’ negative. I<ift 
the lid : the electricities flow again together ; neutrality 
is restored, and your lid fails to attract your balanced 
lath. 

Once more place the lid upon the excited surface : 
touch it with th 3 finger. What occurs ? You ought 
to know. The fljpe electricity, which is negative, will 
escape through your body to the earth, leaving thd 
chained positive behind. 

Now lift the lid by the handle : ^what is its condi* 
tion ? Again I say you ought to know. It is covered 
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with free positive electricity. If it be presented to the 
lath it will strongly attract it: if it be presented to the 
knuckle it will yield a spark. 

A smooth half-crown, or a penny, will answer fpr this 
experiment. Stick to the coin an inch of sealing-wax 
as an insuj^ating handle : bring it down upon the excited 
india-rubber: touch it, lift it, and present it to your 
lath. The lath may be ^ix or eight feet long, three inches 
wide and half an inch thick ; the little electrophorus lid, 
formed by the half crown, will pull it round and round. 
The experiment is a very impressive one. 

Scrutinise your instrument still further. Let the 
end of a thin wire rest upon the lid of your electro- 
phorus, under a little weight if necessary ; and connect 
the other end of the wire with the electroscope. As 
you lower the lid down towards the excited plate of the 
electrophorus, what must occur ? The power of previ- 
sion now belongs to you and you must exercise it. The 
repelled electricity will flow over the leaves of the 
electroscope, causing them to diverge. Lift the lid, 
they collapse. Lower and raise the lid several times, 
and observe the corresponding rhythmic action* of the 
electroscope leaves. 

A little knob of sealing-wax, b, coated with tin-foil, 
or indeed any knob with a conducting surface, stuck to 
the lid of the electrophorus, will enable you to obtain a 
better spark. The reason of this will immediately 
appear. 

More than half the value of your present labour 
consists in arranging each experiment in thought before 
it is realised in fact ; and more than half the delight of 
your work jvill consist in observing the verification of 
what you have foreseen and predicted. 



Action of Points and Flames. 


51 


§ 16, Action of Points and Flames. 

Tl^e course of exposition • proceeds naturally from 
the electrophorus to the electrical machine* But be- 
fore we take up the machine we must make ^ur minds 
clear regarding the manner in which electricity diffuses 
itself over conductors, and more especially over elongated 
*and pointed conductors. 

Eub your glass tube and draw it over an insulated 
sphere of metal — of wood covered with tin-foil, or indeed 
any other insulated spherical conductor. Eepeat the 
process several times, so as to impart a good charge to 
the sphere. Touch the charged sphere with your 
carrier, and transfer the charge to the electroscope. 
Note the divergence of the leaves. Discharge the 
electroscope, and repeat the experiment, touching, how- 
ever, some other point of the sphere. The electroscope 
shows sensibly the same amount of divergence. Even 
when the greatest exactness of the most practised ex- 
perimenter is brought into play, the spherical conductor 
is fouild to be equally charged at all points of its 
surface. You may figure the electric fluid as a lifctle 
ocean encompassing the sphere, and of the same depth 
everywhere. 

But supposing the conductor, instead of being a 
sphere, to be a cube, an elongated cylinder, a cone, or 
a disk. The depth, or as it is sometimes called the 
density of the electricity, will not be everywhere the 
same. The comers of the cube will impart a strongeiT 
charge to your carrier than the sides. The end of the 
cylinder will impart a stronger charge than its middle. 
The edge of the disk will impart a stronger charge than 
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its flat surface. The apex or point of the cone will 
impart a stronger charge than its curved surface or its 
base. 

You can satisfy yourself of the truth of all this in a 
rough, but certain way, by charging, after the sphere, a 
turnip cut into the form of a cube ; or a cigar-box 
coated with tin-foil ; a metal cylinder, or a wooden one 
coated with tin-foil ; disk of tin or of sheet zinc ; 
a carrot or parsnip with its natural shape improved 
so as to make it a sharp cone. You will find the 
charge imparted to the carrier by the sharp comers 
and points of such bodies, when electrified, to be greater 
than that communicated by the gently rounded or flat 
surfaces. The difference may not be great, but it will 
be distinct. Indeed an egg laid on its side, as we have 

Fio. 24. 



already used it in our experiments on induction (fig. 
16), yields a stronger charge from its ends than from 
its middle. 

Let me place before you an example of this distribu- 
tion, taken from the excellent work on ‘ Frictional Elec-- 
tricity ’ by Professor Eiess of Berlin. Two cones, fig. 
*24, ar^jplaced together base to base. Calling the strength 
of the charge along the circular edge where the two 
bases join each 100, the charge at the apex of the 
blunter cone is 133; and at the apex of the sharper one 
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202. The other numbers give the charges taken from 
the points where they are placed. Fig. 25, moreover, 


Ro. 25. 

* 



represents a cube with a cone placed upon it. The 
charge on the face of the cube being 1, the charges at 
che corners of the cube and at the apex of the cone 
are given by the other numbers ; they are all far in ex- 
cess of the electricity on the flat surface. 

Eiess found that he could deduce with great 
accuracy the sharpness of a point, from the charge 
which ^ imparted. He compared in this way the 
sharpness of various thorns,, with that of a fine English 
sewing needle. The following is the result : — Euphor- 
bia thorn was sharper than the needle ; gooseberry 
thorn of the same sharpness as the needle ; while cactus, 
blackthorn, and rose, fell more and more behind the 
needle in sharpness. Calling, for example, the charge 
obtained from euphorbia 90 ; that obtained from the 
needle was 80, and from the rose only 53. 

Considering that each electricity is self-repulsive, and 
that it heaps itself up upon a point in the manner here 
shown, you will have little difficulty & conceiving that 
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when the charge of a conductor carrying a point is 
sufficiently strong, the electricity will finally disperse 
itself by streaming from the point. 

« 

Tlie following experiments are theoretically impor- 
tant ; — Attach a stick of sealing-wax to a small plate 
of tin or bf wood, so that the stick may stand upright. 
Heat a needle and insert it into the top of the stick 
of wax; on this needle mount horizontally a carrot. 
You have thus an insulated conductor. Stick into your 
carrot at one of its ends a sewing needle; and hold for 
an instant your rubbed glass tube in front of this needle 
without touching it. What occurs ? The negative 
electricity of the carrot is immediately discharged from 
the point against the glass tube. Eemove the tube, test 
the carrot ; it is positively electrified. 

And now for another experiment, not so easily made, 
but still certain to succeed if you are careful. Excite 
your glass rod, turn your needle away from it, and bring 
the rod near the other end of the carrot. What occurs? 
The positive electricity is now repelled to the point, 
from which it will stream into the air. Remove the 
rod and test the carrot : it is negatively electrified. 

"Again turn the point towards you, and place in 
front of it a plate of dry glass, wax, resin, shellac, 
paraffin, gutta-percha, or any other insulator. Pass your 
'rubbed glass tube once downwards or upwards, the in- 
sulating plate being between the excited tube and the 
point. The point will discharge its electricity against 
the ihszilating plate, which on trial will be found nega- 
tively electrified. 
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§ 171 The Electrical Machme. 

An electrical machine consists of two principal parts ; 
the insulator which is excited by friction, and the 
‘ prime conductor.’ 

The sulphur sphere of Otto von Guericke was, as 
already stated, the first electrical machine. , The hand 
was the rubber, and indeed it long continued to be so. 
For the sulphur sphere, Hauksbep andWin^ikler substi- 
tuted globes of glass. Boze of Wittenberg (1741) 
added the prime conductor, which was at first a tin 
tube supported by resin, or suspended by silk. Soon 
afterwards Gordon substituted a glass cylinder for 
the globe. It was sometimes mounted vertically, 
sometimes horizontally. Gordon so intensified his 
discharges as to be able to kill small birds with 
them. In 1760 Planta introduced the plate machine 
now commonly in use. 

Fig. 26 . 



Mr. Cottrell has constructed for these J.«esson8 the 
small cylinder machine shown in 1ig« 26/ The glass 



56 


Lessons in Electricity. 

cylinder is about 7 inches long and 4 inches in dia- 
meter: its cost is eighteen pence. Through the 
cylinder passes tightly, as an axis, a ^iece of lath, 
rendered secure by sealing-wax where it enters and where 
it quits the cylinder, o is a glass rod supporting the 
conductor c, which is a piece of lath coated with tin- 
foil. Into'^the lath is driven the series of pin points, 
p, p. The rubber e, is seen at the further side of the 
cylinder, supported b/ the upright lath k', and caused 
to press against the glass, s' is a flap of silk attached 
to the rubber. When the handle is turned sparks may 
be taken, or a Leyden jar ^ charged at the knob c. 

A plate machine is shown in fig, 27. P is the plate, 
which turns on an axis passing through its centre; 


Fig. 27 . 



B' and B'*are two rubbers which clasp the plate, with the 
flaps of silk ss' attached to them, a and a' are rows of 

* To^be subsequently 'explained. 
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points forming part of the prime conductor, c. G a' is an 
insulating rod of glass, which cuts off the connection 
between the conductor and the handle of the machine. 

The prime conductor is^ charged in the following 
manner. When the glass plate is turned, as it passes 
each rubber it is positively electrified. Facing the 
electrified glass is the row of points, pladed midway 
between the two rubbers. On these points the glass acts 
by induction, attracting the *fiegative ^d repelling 
the positive. In accordance with the principles 
already explained in § 16, the negative electricity 
streams from the points against the excited glass, which 
then passes on neutralised to the next rubber, where it . 
is again excited. 

Thus the prime conductor is charged, not by the 
direct communication to it of positive electricity, butl. 
by depriving it of its negative. 

If when the conductor is charged you bring the 
knuckle near it, the electricity passes from the con- 
ductor to the knuckle in the form of a spark. 

Take this spark with the blunt knuckle while the • 
machine is being turned; and then try the effecb of 
presenting the finger ends, instead of the knuckle, to 
the conductor. The spark falls exceedingly in *bril*- 
liancy. Substitute for the finger ends a needle point : 
you fail to get a spark at all. To obtain a good spark 
the electricity upon the prime conductor must reach 
a sufficient density (or tension as it is sometimes 
called) ; and to secure this no points from which the 
electricity can stream out must exist on the opnductor, 
or be presented to it. All parts of the conductor are 
therefore carefully rounded off, sharp points and edges 
being avoided* 
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It is usual to attach to the conductor an electro- 
scope consisting of an upright metal stem, a c, fig. 
Fio. 28 . 28, to which a straw with a pith 



ball,^ at its free end, is attached. 
The straw turns loosely upon a 
pivot at c. The electricity pass- 
ing from the conductor is diffused 
over the whole electroscope, and 
the straw and stem being both 
positively electrified, repel each 
other. The straw, being the 
movable body, flies away. The 


amount of the divergence is 


measured upon a graduated arc. 


§18. Further Experiments on the Action of Points. 

The Electric Mill. The Golden Fish. Lightning 

Conductors. 

If no point exist on the conductor, a single turn of 
the handle of the machine usually suflSces to cause the 
straw to stand out at a large angle to the stem. If, on 
the contrary, a point be attached to the conductor, 
you cannot produce a large divergence, because the 
electricity, as fast as it is generated, is dispersed by 
the point. The same effect is observed when you pre- 
sent a point to the conductor. The conductor acts by 
induction upon the point, causing the negative electri- 
city to stream from it against the conductor, which is 
thus neutralised almost as fast as it is charged. Flames 
an^ glowing embers act like points ; they also rapidly 
discharge electricity. 

The electricity escaping from a point or flame into 
the air renders the ab: self-repulsive. The consequence 
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is that when the hand is placed over a point mounted 
on the prime conductor of a machine in good action, a 
cj^ld- blast 4ft djstinctlyjfelt. Dr. Watson noticed this 
blast from a flameplaoed op an electrified conductor ; 
while Wilson noticed the blast from a point. Jallabert 
and the Abbe Nollet also observed and described the 
influence of points and flames. The blast Is called the 
‘ electncjvind-’ Wilson moved bodies by its action : 
Faraday caused it to depress the surface of a liquid : 
Hamilton employed the reaction of the electric wind 
to make pointed wires rotate. The ‘ wind ’ was also 
found to promote evaporation. 

Hamilton’s apparatus is called the ‘ electric mill.’ 
Make one for yourself thus : Place two straws s s, s' s', 


Fxg. 29. 



fig. 29, about eight inches long, across each #ther a 
right angle. Stick them together at their centres by a 
bit of sealing-wax. Pass a fine wire through each straw 
and bend it where it issues from* the straw, so as to 
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form a little pointed arm perpendicular to the straw, and 
from half an inch to three-quarters of an inch long. It 
is easy, by means of a bit of cork or sealing-wax, to 
fix the wire so that the little bent arms shall point 
not upwards or downwards, but sideways, when the cross 
is horizontal. The points of sewing needles may also 
be employed for the bent arms. A little bit of straw 
stuck into the cross* at the centre, forms a cap. This 
slips over a sewing needle, n, supported by a stick of seal- 
ing-wax, Ai Connect the sewing needle with the electric 
machine, and turn- A wind of a certain force is dis- 
charged from every point, and the cross is urged round 
with the same force in the opposite direction. 

You might easily, of course, so arrange the points 
that the wind from some of them would neutralise the 
wind from others. But the little pointed arms are to be 
so bent that the reaction in every case shall not oppose 
but add itself to the others. 

The following experiments will yield you important 
information regarding the action of points. Stand, as 
you have so often done before, upon a board supported 
by four warm tumblers. Hold a small sewing needle, 
with its point defended by the fore finger of your right 
hand, towards your Dutch metal electroscope. Place 
your left hand on the prime conductor of your machine. 
Let the handle be turned by a friend or an assistant : 
the leaves of the electroscope open out a little. Un- 
cover the needle point by the removal of your finger ; 
the leaves-^t once fly violently apart. 

Mount a stout wire upright on the conductor, c, fig. 
30, of your machine ; or support the wire by sealing- 
wax, gutta-percha (k glass, at a distance from the 
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conductor, and connect both by a fine wire. Bend your 
stout wire into a hook, and hang from it a tassel, t, 


Fig. 30. 




composed of many strips of light tissue paper. Work 
the ’machine. Electricity from the conductor flows 
over the tassel, and the strips diverge.* Hol^ your 
closed fist towards the tassel, the strips of paper 
stretch towards it. Hold the needle, defended by the 
finger, towards the tassel ; attraction also ensues. 
Uncover the needle without moving the hand; the 
strips retreat as if blown away by a wind. Holding the 
needle n, fig. 31, upright underneath the tassel, its 
strips discharge themselves and collapse utterly. 

And now repeat Du Fay’s experiment which led to 

^ This is always the case in London. 43till ertftk here some days 
are so dry as to render it difiSenlt to electrify the tassel. 
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the discovery of two electricities. Excite your glass 
tube, and hold it in readiness while a friend, or an 
Fio. 32, assistant, liberates a real 




gold or silver leaf in the 
air. Bring the tube near 
the leaf : it plunges to- 
wards the tube, stops 
suddenly, and then flies 
away. You may chase 
it round the room for 
hours without permitting 
it to reach the ground. 
The leaf is first acted 
upon inductively by the 
tube. It is powerfully 
attracted for a moment, 
and rushes towards the 
tube. But from its thin 
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edges and corners the negative electricity streams forth, 
leaving the leaf positively electrified. Eepulsion then 
sets in, because tube and leaf are electrified alike* as 
showp in fig. 32. The retreat of the tassel in the last 
experiment is due to a similar cause. 

There is also a discharge of positive^ electricity 
into the air from the more distant portions of the 

Fia. 33. 



gold-leaf, to which that electricity is repelled. Both 
discharges are accompanied by an electric wind. It is 
possible to give the gold-leaf a shape which shall enable 
it to float securely in the air, by the reaction oT the two 
winds issuing from its opposite ends. This is Franklin^s 
experiment of the Golden Fish. It jvas first made with 
the charged conductor of an electrical machine. M. 
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Srtsczek revived it in a more convenient form, using 
instead of the conductor the knob of a charged Leyden 
jar. You may walk round a room with the jar in your 
band ; the ‘ fish ’ will obediently follow in the air an 
inch or two, or even three inches, from the knob. See 
A B, fig. 33^ Even a hasty motion of the jar will not 
shake it away. 

Well-pointed lightning conductors, when acted on 
by a thunder cloud, discharge their induced electricity 
against the cloud. Franklin saw this with great clear- 
ness, and illustrated it with great ingenuity. The 
under side of a thunder cloud, when viewed horizon- 
tally, he obsefved to be ragged, composed, in fact, of 
fragments one below the other, sometimes reaching 
near the earth. These he regarded as so many 
stepping-stones which assist in conducting the stroke 
of the cloud. To represent these by experiment he 
took two or three locks of fine loose cotton, tied them 
in a row, and hung them from his prime conductor. 
When this was excited the locks stretched downwards 
towards the earth ; but by presenting a sharp point 
erect under the lowest bunch of cotton, it shrunk up- 
war(^ to that above it, nor did the shrinking cease till 
all the locks had retreated to the prime conductor 
itself. ‘ May not,’ says Franklin, ‘ the small electrified 
clouds, whose equilibrium with the earth is so soon 
restored by the point, rise up to the main body, and 
by that means occasion so large a vacancy, that the 
grand cloud cannot strike in that place ? ’ 

§ 19. HisUyry of the Leyden, Jar. The Leyden Bodtery. 

The next discovery which we have to master throws 
all former ones into the shade. It was first announced in 
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a letter addressed on the 4th of November, 1745, to Dr, 
Lieberkiihn, of Berlin, by Kleist, a clergyman of 
Cammin, in Pomerania, By means of a cork, c, fig, 34, ^ 

Fia. sL 



he fixed a nail, N, in a phial, G, into which he had poured 
a little mercury, spirits, or water, w. On electrifying the 
nail he was able to pass from one room into another with 
the phial in his hand and to ignite spirits of wine with it. 
‘If,’ said he, ‘ while it is electrifying I put my finger, or a 
piece of gold which I hold in my hand, to the nail, I 
receive a shock which stuns my arms and shoulders,’ 

In the following year Cunaeus of Leyden made sub- 
stantially the same discovery. It caused great wonder 
and dread, which arose chiefly from the excited imagi- 
nation. Musschenbroek felt the shock, and declared 
in a letter to a friend that he would not take a second 
one for the crown of France. Bleeding at the nose, 
ardent fever, a heaviness of head which endured fo^ 
days, were all ascribed to the shock. Boze wished that 
he might die of it, so that he might enjoy the honour 
of having his death chronicled in thfe Paris ‘Academy 
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of Sciences.’ Kleist missed the explanation of the 
phenomenon ; while the Leyden philosophers correctly 
stated the conditions necessary to the success of the 
experiment. Hence the^hial received the name of the 
Leyden phial, or Leyden jar. 

The discovery of Kleist and Cunasus excited the 
most profound interest, and the subject was explored in 
all directions. Wilson in 1746 filled a phial partially 
with water,** and plunged it into water, so as to bring 
the water surfaces, within and without the phial, to the 
same level. . On charging such a phial the strength 
of the shock was found greater than had been observed 
before. 

Two years subsequently Dr. Watson and Dr. Bevis 
noticed how the charge grew stronger as the area of the 
conductor in contact with the outer surface of the phial 
increased. They substituted shot for water inside 
the jar, and obtained substantially the same effect. 
Dr. Bevis then coated a plate of glass on both sides 
with silver foil, to within about an inch of the edge, and 
obtained from it discharges as strong as those obtained 
from a phial containing half a pint of water. tFinally 
Dr. Watson coated his phial inside and out with silver 
foil. By these steps the Leyden jar reached the form 
which it possesses to-day. 

It is easy to repeat the experiment of Dr. Bevis, 
Procure a glass plate nine inches square ; cover it on 
both sides, as he did, with tin-foil seven inches square, 
leaving the rim uncovered. Connect one side with the 
earth apd the other with the machine. Charge and dis- 
charge : you obtain a brilliant spark. 

In our experiment with the Golden Fish (fig. 33), we 
employed a common form of the Leyden jar, only with 
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the difference that to get to a suflScient distance from 
the glass, so as to avoid the attraction of the fish by 
the jar itself, the knob was placed higher than usual. 
But with a good flint-glass tumbler, a piece of tin-foil, 
and a bit of stout wire, you can make a jar for yourself. 
Bad glass, remember, is not rare.^ In fig. 35 ^ou have 

Fig. 35 . 

% 



such a jar. t is the outer, t' the inner coating, 
reaching to within an inch of the edge 9 ! the tumbler 
G. w ia the wire fastened below by wax, and sur- 
mounted by a knob, which may be of metal, or of 
wax or wood, coated with tin-foil. In charging the 
jar you connect the outer coating with the earth — say 
with a gas-pipe or a water-pipe — and present the knob 
to the conductor of your machine. A few turns will 
charge the jar. It is discharged by laying one knob of 
a ‘ discharger ’ against the outer coating, and causing 
the other knob to approach the knob of the jar. Before 

^ In preparing these Lessons we hare made several jars which re* 
fused to be charged, through the badness of tl^ir glass,* and which 
showed their imperfect insulation by discharging our electroecope. 

9 2 
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contact, the electricity flies from knob to knob in the 
form of a spark. 

A ‘discharger’ suited to our means and purposes 
is shown in fig. 36. h is a stick 
of sealing-wax, or, better still, of 
ebonite : w w a stout wire bent as 
in the figure, and ending in the 
kijobs bb'. These may be of wax 
coated with tin-foil. Any other 
light conducting knobs would of 
course answer. The insulating 
handle H protects you effectually 
from the sLock. 

You must render yourself expert 
in the use of the discharger. The 
mode of using it is shown in fig. 37. 


Fig. 37 . 



By augmenting the size of a Leyden jar we render 
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it capable of accepting a larger charge of electricity. 
But there is a limit to the size of a jar. When, there- 
fore, larger charges are required than a single jar can 
furnish^ we make use of a nujpber of jars. In fig. 38 

Fig. 38. 



nine of. them are shown. All their interior coatings 
are united together by brass rods, while all the outer 
coatings rest upon a metal surface in free communifea- 
tion with the earth. 

This combination of Leyden jars constitutes the 
Leyden Battery^ the effect of which is equal to that of 
a single jar of nine times the size of one of the jars. 


§ 20. Explanation of the Leyden Jar. 

The principles of electrical induction \yith which 
you are now so familiar will enable /ou to thoroughly 
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analyse and understand the action of the Leyden jar. 
In charging the jar the outer coating is connected 
with the eartli, and the inner coating with the electrical 
machine. Let the machine, as usual, be of glass yielding 
positive electricity. When it is worked the electricity 
poured into the jar acts inductively across the glass 
upon the^ outer coating ; attracting its negative and 
repelling its positive to the earth. Two mutually at- 
tractive electric layers are thus in presence of each 
other, being separated merely by the glass. When the 
machine is in good order and the glass of the jar is thin, 
the attraction may be rendered strong enough to per- 
forate the jar. By means of the discharger the oppo- 
site electricities are enabled to unite in the form of a 
spark. 

Franklin saw and announced with clearness the 
escape of the electricity from the outer coating of the 
jar. His statement is that whatever be the quantity of 
the * electric fire’ thrown into the jar, an equal quantity 
was dislodged from the outside. We have now to prove 
by actual experiment that this explanation is correct. 

Place your Leyden jar upon a table, and connect 
the outer coating with your electroscope. There is no 
divergence of the leaves when electricity is poured into 
the jar. 

But here the outer coating is connected through the 
table with the earth. Let us cut off this communica-/ 
lion by an insulator. Place the jar upon a board sup^ 
ported by warm tumblers, or upon a piece of vulcanise(| 
india-rubber cloth, and again connect the outer coating 
with the electroscope. The moment electricity is com4 
municated^ to the knob of the jar the leaves of Dutchj 
metal diverge. Detach the wire by your discharger! 
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and test the quality of the electricity — it is positive, 
as theory declares it must be. 

Consider now the experiment of Kleist and CunsBus 
(fig. §4). You will, I doubt liot, penetrate its meaning. 
You will see that in their case the hand formed the 
outer coating of the jar. When electricity was com- 
municated through the nail to the water within, thati 
electricity acted across the glass inductively upon the 
hand, attracting the one fluid and repelling the other 
to the earth. 

Again I say, prove all things; and what is here 
affirmed may be proved by the following beautiful and 


Fio. 39. 



conclusive experiment: — Stand on your board, ii', fig. 39, 
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insulated by its four tumblers; or upon a sheet of 
gutta-percha, or vulcanised india-rubber. Seize the old 
Leyden phial, J, with your left hand, and present the 
knuckle of your right hand to your balanced lath, if l. 
When electricity is communicated to the nail, the lath 
is immediately attracted by the knuckle. Or touch your 
electroscope with your right hand : when the phial is 
charged thel^ves immediately diverge, by the electricity 
driven from your left hand to the electroscope. 

Here the nail may be electrified either by connect- 
ing it with the prime conductor of the machine, or by 
rubbing it with an excited glass rod. Indeed I should 
prefer your resorting to the simplest and cheapest means 
in making these experiments. 


§ 21. Franklin\8 Cascade Battery. 

As a thoughtful and reflective boy or girl you 
cannot, I think, help wondering at the power which your 
thorough mastery of the principles of induction gives 
you over these wonderful and complicated phenomena. 
I3y those principles the various facts of our scienfie are 
bound together into an organic whole. But we have 
not yet exhausted the fruitfulness of this principle. 

Consider the following problem. Usually we allow 
the electricity of the outer coating to escape to the earth. 
Suppose we try to utilise it. Place, then, your jar a b, 
fig. 40, upon vulcanised india-rubber, and connect by a 
wire B c its outer coating with the knob or inner coating 
of( a second jar c n. What will occur when the first jar is 
charged ? Why, the second one will be charged also by 
the electricity which has escaped from the outer coating 
of the first. And suppose you connect the outer coat- 
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ing of the second insulated jar with the inner coating of 
a third, e f ; what occurs ? The third jar will obviously 
be charged with the electricity repelled from the outer 
coating of the second. Of cojirse we need not stop here. 
We may have a long series of insulated jars, the outer 
coating of each being connected with the inner coating 
of the next succeeding one. Connect the* outer coat- 
ing of the last jar i K by a wire e with the earth, and 
charge the first jar. You charge thereiSy the entire 
series of jars. In this simple way you master practi- 
Fio. 40. 





cally, and grasp the theory of Franklin’s celebrated' 
‘ cascade battery.^ 

You must see that before making this important 
experiment you could really have predicted what would 
occur. This power of prevision is one of the most 
striking characteristics of science. 

§ 22. Novel Leyden Java of the Simplest Form. 

Possessed of its principles, we can ^reduce the 
Leyden jar to far simpler forms *than any hitherto 
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dealt \yith. Spread a sheet of tin-foil smoothly upon a 
table, and lay upon the foil a pane of glass. Eemember 
that the glass, as usual, must be dry. Stick on to the 
glass by sealing-wax two loops of narrow silk ribbon, 
by which the pane may be lifted ; and then lay 
smoothly upon the glass a second sheet of tin-foil, 
less than the pane in size, leaving a rim of uncovered 
glass all round. Carry a fine wire from the upper 
sheet of tin-foil to your electroscope. A little weight 
will keep the end of the wire attached to the tin-foil. 

Bub this weight with your excited glass tube, two 
or three times if necessary, until you see a slight diver- 
gence of the Dutch metal leaves. Or connecting the 
weight with the conductor of your machine, turn very 
carefully until the slight divergence is observed. What 
is the condition of things here? You have poured, 
say positive electricity on to the upper sheet of metal. 
It acts inductively across the glass upon the under 
sheet, the positive fluid of which escapes to the 
earth, leaving the* negative behind. You see before your 
mind’s eye two layers holding each other in bondage. 
Now take hold of your loops and lift the glass pla^^e, so 
as to separate the upper tin-foil from the lower. What 
would you expect to occur ? Freed from the grasp of 
the lower layer, the electricity of the upper one will 
diffuse itself over the electroscope so promptly and 
powerfully, that if you are not careful you will destroy 
the instrument by the mutual repulsion of its leaves. 

Practise this experiment, which is a very old one 
of. mine, by lowering and lifting the glass plate, and 
observing the corresponding rhythmic action of the 
leaves of the electroscope. 

Common tin-plate may be used in this experiment 
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instead of tin-foil, and a sheet of vulcanised india-rubber 
instead of the pane of glass. Or simpler still, for the 
tin-foil a sheet of common unwarmed foolscap may be 
employed. Satisfy yourself of this. Spread a sheet of 
foolscap on a table ; lay the plate of glass upon it, and 
spread a leaf oi foolscap, less than the glass in size, on the 
plate of glass. Connect the leaf with the* electroscope, 
and charge it, exactly as you charged the tin-foil. On 
lifting the glass with its leaf of foolscap the le*aves of 
the electroscope instantly fly apart ; on lowering the 
glass they again fall together. Abandon the under 
sheet altogether, and make the table the outer coating ; 
if it be not of very ‘dry wood, or covered by an insu- 
lating varnish, you will obtain with it the results 
obtained with the tin-foil, tin, and foolscap. Thus by 
the simplest means we illustrate great principles. 

The withdrawal of the electricity from the electro- 
scope, by lowering the plate of glass, so as to bring the 
electricity of the upper coating within the grasp of the 
lower one, is sometimes called ‘condensation.’ The elec- 
tricity on one plate or sheet was figured as squeezed 
together, or condensed, by the attraction of the other. 
A special instrument called a condenser is constructed 
by instrument makers to illustrate the action here ex- 
plained. 

You may readily make a condenser for yourself. 
Take two circles, P p', fig. 41, of tin or of sheet zinc, 
and support the one, p', by a stick of sealing-wax or 
glass, o ; the other, p, by a metal stem, connected wjth 
the earth. The insulated plate, is called the col- 
lecting plate ; the uninsulated one, p, tl^e condensing 
plate. Connect the collecting plate with your electro- 
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scope by the wire and bring the condensing plate 
near it, leaving, however, a thin space of air between 

Fig. 



them. Charge the collector, p', or the wire, w, with your 
glass rod, until the leaves of the electroscope begin to 
diverge. Withdraw the condensing plate, the leaves 
fly asunder; bring the condensing plate near, the leaves 
again collapse. 

Fig, 42. 



Or vary your construction, and make your con- 
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denser thus. Employing the table, or a sheet of foolscap 
if the table be an insulator, as one plate of the con- 
denser, spread upon it. the sheet of india-rubber, p, fig, 
42, and lay upon the rubbef the sheet of block-tin a b. 
Connect the tin by the wire, with the electroscope, 
T. Impart electricity to the little weight, a, till the 
leaves, l, begin to diverge; then lift the*tin-plate by 
its two silk loops ; the leaves at once fly asunder. 

Finally show your complete'knowledge^^f the Leyden 
jar, and your freedom from the routine of the instru- 
ment makers, by making a ‘jar’ in the following novel 
way. Stand upon a board supported by warm tumblers. 
Hold in your right Tiand a sheet of vulcanised india- 
rubber, and clasp, with it between you, the left hand 
of a friend in connection with the earth. Place your 
left hand on the conductor of the machine, and let it 
be worked. You and your friend soon feel a crackling 
and a tickling of the hands, due to the heightening at- 
traction of the opposite electricities across the india- 
rubber. The ‘ hand-jar ’ is then charged. To discharge 
it you have only to bring your other hands together ; 
the shock of the Leyden jar is then felt and its spark 
seen and heard. 

By the discharge of the hand-jar you can fire gun- 
powder. But this will be referred to more particularly 
further on. (See § 25.) 

§ 23. Seat of Charge in the Leyden Jar. 

Franklin sought to determine how the*charge .was 
hidden in the Leyden jar. He charged with electricity 
a bottle half-filled with water and coated^on the outside 
with tin-foil : dipping the finger*of one hand into the 
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water, and touching the outside coating with the other, 
he received a shock. He was thus led to inquire, is the 
electricity in the water? He poured the water into a 
second bottle, examined it, ^nd found that it had car- 
ried no electricity along with it. 

His conclusion was ^ that the electric fire must 
either have Been lost in the decanting, or must have 
remained in the bottle. The latter he found to be 
true ; fbr, filling the chafged bottle with fresh water, he 
obtained the shock, and was therefore satisfied that the 
power of giving it resided in the glass itself.’ ' 

(An account of Franklin’s discoveries was given by 
him in a series of letters addressed to Peter Collinson, 
Esq., F.R.S., from 1747 to 1754.) 

So much for history ; but you are to verify the his- 
tory by repeating Franklin’s experiments. Place water 
in a wide glass vessel ; place a second glass ves'sel within 
the first, and fill it to the same height with water. 
Connect the outer water by a wire with the earth, and 
the inner water by a wire with the electric machine. 
One or two turns^ furnish a sufficient charge. Re- 
moving the inner wire, and dipping one finger into 
the outside and the other into the inside water, a 
smart shock is felt. This was Franklin’s first ex- 
periment. 

Pass on to the second. Coat a glass jar with tin-foil 
(not too high) ; fill it to the same height with water, and 
place it on india-rubber cloth. Charge it by con- 
necting the outside coating with the earth, and the 
wat^r in8idei(by means of a stem cemented to the bottom 
of the jar and ending above in a knob) with an electric 

‘ Friestloy’s *Huitox)r of Electricity, 8id edition, p. 149. 
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machine. You obtain a bright spark on discharging. 
This proves your apparatus to be in good order. 

Ee-charge. Take hold of the charged jar with the 
india-rubber, and pour the water into a second similar 
jar. '’No sensible charge is imparted to the latter. Pour 
fresh unelectrified water into the first jar, and discharge 
it. The retention of the charge is shown by a brilliant 
spark. Be careful in these experiments, or you will 
fail as I did at first. The edge ^of the ja^Sut of which 
the water is poured has to be surrounded by a band of 
bibulous paper to catch the final drop, which, trickling 
down, would discharge the jar. 

Experiments like those of Franklin are now made by 
rendering the coatings of the Leyden jar movable. Such 
a jar being charged, the interior coating 
may be lifted out and proved unelectiic. 

The glass may then be removed from 
bhe outer coating and the latter proved un- 
^ electric. Eestoring the jar and coatings, 
on connecting the two latter, the dis- 
charge passes in a brilliant spark. 

Make a jar with movable coatings 
thus : — Eoll cartridge paper round a good 
flint-glass tumbler, G, fig. 43, to within 
about an inch of the top. Paste down the 
lower edge of the paper, and put a paper 
bottom to it corresponding to the bottom 
of the glass. Coat the paper, t, inside 
and out with tin-foil. Make a similar 
coating, !<, for the inside of the tum- 
bler, attaching to it an upright wire, w, 
ending in a hook. You have thou to all intents and 
purposes a Leyden jar. 


Fio. 43. 

0 
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Put the pieces together and charge the jar. By 
means of a rod of glass, sealing-wax, or gutta-percha, 
lift out the interior coating. It will carry a little 
electricity away with it. Place it upon a table and 
discharge it wholly. Then by the hand lift the glass 
out of'the outer coating. Neither of the coatings now 
shows the Slightest symptom of electricity. Eestore the 
tumbler to its outer coating, and, by means of the hook 
and ihsulatiug rod, restore the inner coating to its place. 
Discharge the jar ; you obtain a brilliant spark. The 
electricity which produces this spark must have been 
resident in and on the glass. 

Here, as in all other cases, y6u can charge your jar 
with a rubbed glass tube, though a machine in good 
working order will do it more rapidly. With ^Cot- 
trell’s rubber,’ described in the next section, you may 
greatly exalt the performance of your glass tube. 

§ 24. Ignition hy the Electric Spark. CottreWa 
Rubber. The Tube-machine. 

Various attempts had been vainly made by Nollet 
and others to ignite inflammable substances by the 
electfio spark. This was first effected by Ludolf, at 
the opening of the Academy of Sciences by Frederick 
the Great at Berlin, on the 23rd of January, 1744. 
With a spark from the sword of one of the court 
cavaliers present on the occasion, Ludolf ignited 
sulphuric ether. 

Dr. Vfek&ou also made numerous experiments on 
the ignition of bodies by the electric spark. He fired 
gunpowder and discharged guns. Causing, moreoveJV’n 
spoon contaialsig ether to be held byim electrified person, 
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he ignited the ether by the finger of an unelectrified 
person. He also noticed that the spark varied in colour 
when the substances between which it passed varied. 

Ttiiese, and numerous other experiments may be 
made with a far simpler ‘ machine ’ than any hitherto 
described. It was devised for your benefit by Mr. 
Cottrell. In the electric machine, as we have learned, 
the prime conductor is flooded \!jith positiv^^ electricity 
through the discharge of the negative from the points 
against the excited glass. Your glass tube and rubber 
may be similarly turned to account. A strip of sheet- 
brass or copper, p, fig. ^44, is sewn on to the edge of 

Fig. 44. 



the silk pad, R, employed as a rubber. Through aper- 
tures in the strip about twenty pin-points are intro- 
duced, and soldered to the metal. When the tube is 
clasped by the rubber, the metal strip and points quite 
encircle the tube. 

When a fine wire, w, connects the strip of metal with 
the knob of a Leyden jar, by every downviard stroke 
of the rubber the glass tube is powerfully excited, and 

a 
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hotly following the exciting rubber is the circle of points. 
From these, against the rod, negative electricity is dis- 
charged, the free positive electricity escaping along the 
wire to the jar, which is thus rapidly charged. 

The ignition of gas is readily effected by Cottrell’s 
rubber. Connecting the strip of metal, k, fig. 45, with an 
insulated metallic knob, b, placed within a quarter or an 
eighth of inch of^ an uninsulated argand burner 
connected with the earth, at every downward stroke of 
the rubber a stream of sparks passes between the knob 


Fio. 45^ 



and burner. If gas be turned on, it is immediately 
ignited by the stream of sparks. Blowing out the flame 
and repeating the experiment, every stroke of the 
rubber infallibly ignites the gas. 

Sulphuric etlier, in a spoon which has been previously 
warmed) is thus ignited ; but the ether soon cools by 
evaporation ; its vapour is diminished by the cold, and 
it is thei\,le88 easy to ignite. Bisulphide of carbon 
may be substituted for the ether, with the certainty 
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that every stroke of tlie rubber will set it ablaze,' 
The spark thus obtained also fires a mixture of 
oxygen and hydrogen. The two gases unite with ex- 
plosion to form water, when an electric spark is passed 
through them. 

Mr. Cottrell has also mounted his glass tube so as to 
render friction in both directions available. T'he tube-- 
machine is represented in fig. a b is the glass 

Fio. 46. 



tube, clasped by the rubber, k. p p' are two strips of 
metal furnished with rows of points. From P p' wires 
proceed to the knob c, which is insulated by the 
horizontal stem, o. This insulating stem may be 
abolished with advantage, the wires from p» and p'. 
being rendered strong enough to support the ball c. 

^ 1 am indebted to Dr. Debus for the suggestion of the bisulphide 
as a substitute for the ether. 
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At c sparks may be taken, a Leyden jar charged, the 
electric mill turned, while wires carried from it may be 
employed in experiments on ignition. I howevc^r 
strongly recommend to ypiir attention the more simple 
rubber shown in fig. 44. 

^ Seldom,’ says Riess, ‘ has an experiment done so 
much to ^evelope the science to wliich it belongs as 
this of the^jgnition of bodies by the electric spark.’ 
It aroused ^universal interest; and was repeated in all 
Royal houses. Money was ready for the further pro- 
secution of electrical research. The experiment after- 
wards spread among the people. Riess considers it 
probable that the general interest thus excited led to 
the discovery of the Leyden jar, which was made soon 
afterwards. 

Klingenstierna astonished King Frederick of Sweden 
by igniting a spoon of alcohol with a piece of ice. 
With Cottrell’s rubber and bisulphide of carbon this 
striking experiment is easily made, and you ought to 
render your knowledge complete by repeating it. At 
every stroke of the rubber the spark from the end of a 
pointed rod of ice infallibly sets the bisulphide on fire. 

Oadogan Morgan, in 1785, sought to produce the 
electric spark in the interior of solid bodies. He 
inserted two wires into wood, and caused the spark to 
pass between them: the wood was illuminated with 
Wood-red light, or with yellow light, according as the 
depth at wliich the spark was produced was greater or 
less. The spark of the Leyden jar produced within an 
Jvory ball, an orange, an apple, or under the thumb, 
illuminates these bodies throughout. A lemon is espe- 
cially 8uit^4 to this experiment; flashing forth at every 
spark as a spheroid of brilliant golden light. The 
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manner in which the lemon is mounted on the brass 
stem B is shown in fig. 47. The spark occurs at a, 
in the interval between the stems a and b. A row of 

Fio. 47. 



eggs in a glass cylinder is also brilliantly illuminated 
at the passage of every spark from a Leyden jar. 

§ 25. Duration of the Electric Spark. 

The duration of the electric spark is very brief ; in 
a special case, Sir Charles Wheatstone found it t^ be 
^ 0 0 ^^ ^ second. This, however, was the maximum 

duration. In other cases it was less than the millionth 
of a second. 

When a body is illuminated for an instant, the 
image of the body remains upon the retina of the eye 
for about one-fifth of a second. If, then, a body in swift 
motion be illuminated by an instantaneous^ i^sish^ it 
will be seen to stand motionless for one-fifth of a 
second at the point where the flasl^ falls upon it. A 
rifle bullet passing through the air, and illuminated by 
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an electric flash, would be seen thus motionless ; a 
circle like n n', fig. 48, divided into black and white 
sectors, and rotating so quickly as to cause the sectors 


Fig. 48. 



to blend to a uniform grey, appears, when illuminated 
by the spark of a Leyden jar, perfectly motionless, with 
all its sectors revealed. A falling jet of water, which 
appears continuous, is resolved by the electric flash into 
its constituent drops. Lightning, as shown by Professor 
Dove, is similarly rapid in its discharge. 

For a long time it was found almost impossible to 
igni te gunpowder by the electric spark. Its duration is 
so brief that the powder, when the discharge occurred in 
its midst, was simply scattered violently about. In 1 7 8 7 
Wolff introduced into the circuit through which the 
discharge passed a glass tube wetted on the inside. He 
thereby rendered the ignition certain. This was owing to 
the retardation of the spark by the imperfect conductor. 
€run-cotlon, phosphorus, and amadou, which are tom 
asunder by the unretarded spark, are ignited when the 
discharge ts retarded by a tube of water. A wetted 
string is the usual means resorted to for retardation 
wlien gunpowder is to be discharged. 
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The instrument usually employed for the ignition 
of powder is the universal discharger. We make our 
own discharger thus : — i and i' (fig. 49) are insulating 


Fro. 49 . 



rods f>{ glass or sealing-wax, supporting two metal arms, 
the ends of which can be brought down upon the little 
central table s. One of the metal arms of the discharger 
being connected by a wire e with the earth, the sepa- 
rated ends of the two arms are surrounded with powder 
at & Sending through it the unretarded charge, the 
powder is scattered mechanically. Introducing the wet 
string w into the circuit, ignition infallibly occurs when 
the spark passes. 

This is the place to fiilfil our promise to ignite gun- 
powder by the ^ hand-jar.’ Fig. 50 explain§ the arrange- 
ment. H h' are the hands of th^ insulated person, f 
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the hand of the uninsulated friend, i the india-rubber 
between both hands. The lead ball b is suspended by 
a wet string s. On the little stand p, connected with 
5 * 0 . 60 . 



the earth, is placed the powder. The charging of the 
hand-jar is described in § 22. When charged, it is 
only necessary to*bring the ball b down upon the powder 
to cause it to explode. 


§ 26. Electric Light in Vacuo. 

The electric light in vacuo was first observed by 
Picard in 1675. While carrying a barometer from the 
Observatory to the Porte St. Michel in Paris, he saw 
li^ht in i^e upper portion of the tube. Sebastien and 
Cassini observed it afterwards in other barometers. John 
Bernouilli devised a ‘ mercurial phosphorus,’ by shaking 
mercury in a tube ‘‘which had been exhausted by an 
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air-pump. This was handed to the King of Prussia — 
Frederick I. — who awarded for it a medal of forty 
ducats value. The great mathematician WTote a poem 
in honour of the occasion. ^ 

feemouilli failed to explain the effect. The ex- 
planation was reserved for Hauksbee, who in 1705 took 
up the subject and experimented upon it before the 
Eoyal Society. On the plate of an air-pump he placed 
two bell-jars, one over the other*. The outer andlarger 
jar was open at the top. Into the opening Hauksbee 
fixed, air-tight, a funnel, which he stopped with a plug of 
wood and filled with mercury. He exhausted the space 
between the two jars,* withdrew 
the wooden plug and allowed 
the mercury to stream against 
the outer surface of the inner jar. 

He thus obtained a shower of fire. 

This is a truly beautiful experi- 
ment when witnessed by an ob- 
server close at hand. 

A copy of Hauksbee’s own 
figure^illustrating this experiment 
is annexed, fig. 51. m is the funnel 
containing the mercury, p the plug 
of wood, s the outer and s' the in- 
ner bell-jar. Instead of the plug 
P, an india-rubber tube, held by a 
clip, may be employed with ad- 
vantage to connect the funnel 
with the exhausted jar. By 
gradually relaxing the clip the 
mercury may be made to fall at a rate cqpresponding 
to the maximum luminous effect. The streams of light 
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produced are very beautiful, but they are more con- 
tinuous than they are shown to be by Hauksbee, 

In 1706 Hauksbee referred the phenomenon to its 
true cause, namely, the friction between mercury and 
glass in the highly rarefied air. John Bernouilli ridi- 
culed Hauksbee’s explanation. But truth outlives 
ridicule, and it is now , universally admitted that 
Hauksbee wsjs right. , 

llauksbee also made the following experiment, 
which, as shown by Riess, is explained by reference 
to the principle of induction. A hollow glass globe 
was mounted so as to be cajmble of quick rotation. 
It was exhausted, and while* it rotated the hand 
was placed against it in the dark. It was positively 
electrified by the hand. This positive electricity acted 
inductively on the glass itself, attracting its negative, 
but discharging its positive as a luminous glow through 
the rarefied air within. Hauksbee was able to read by 
the light thus produced. 

By such experiments it was shown that rarefied air 
favoured the passage of electricity. Dry air is ih fact 
an insulator, which must be broken through to produce 
the electric spark. Through an exhausted glass tube 
six feet long a discharge freely passes which would 
be incompetent to leap over the fiftieth part of this 
interval in air. But wheieas the spark in air is dense 
and brilliant, the discharge in vacuo fills the exhausted 
tube with a diflFuse light. 

, (It is here worthy of remark that at a very early 
period Grummert, a Pole, proposed the employment 
of this difi^ise electric light to illuminate coal mines — 
a notion which has%een revived in our day. The light 
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in this form is not competent to ignite the explosive 
gases which produce such terrible disasters in mines.) 

Priestley, in his ^ History of Electricity,’ thus de- 
scribes the light in vacuo. Take a tall receiver, very 
dry, and in the top of it insert with cement a wire not 
very acutely pointed, then exhaust the receiver and pre- 
sent the knob of the wire to the conductor, and every 
spark will pass through the vacijum in a broad stream of 
light, visible through the whole length of the receiver, 
be it ever so tall. This stream often divides itself into 
a variety of beautiful rivulets, which are continually 
changing their coursg, uniting and dividing again in 
the most pleasing manner. If a jar be discharged 
through this vacuum, it gives the appearance of a very 
dense body of fire, darting directly through the centre 
of the vacuum without ever touching the sides.’ 

Cavendish employed a double barometer-tube, bent 
into the form of a horseshoe, with its curved portion 
empty, to show the passage of electricity through a 
vacuum. It is really not the vacuum which con- 
ducts the electricity, but the highly attenuated air and 
vapoiu- which fill the space above the barometric 
columns. When the mercury employed is cajefully 
purged of air and moisture by previous boiling, the space 
above the mercury, as proved by Walsh, De Luc, Morgan, 
and Davy, is wholly incapable of conducting electricity. 
Similar experiments have been made in the laboratory 
of Mr. Gassiot, to whom we are indebted for^ so many 
beautiful electrical experiments. Professor Dewar has 
also brought his experimental skill to bear With sucoess 
upon this subject. 

Electricity therefore does not pass through a true 
vacuum ; it requires ponderable matter to carry it. If 
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a gold-leaf electroscope be kept at a distance from all 
conductors, it may be kept charged for an almost in- 
definite period in a good air-pump vacuum. 

The matter rendered thus luminous by the electrical 
discharge is attracted and repelled like other electrified 
matter. ‘ ^ finger,’ says Priestley, ^ put on the outside 
of the glass will draw it [the luminous stream] wherever 
a per^n pleaees. If tjie vessel be grasped with both 
hands, every spark is felt like the pulsation of a great 
artery, and all the fire makes towards the hands. This 
pulsation is felt at some distance from the receiver ; and 
in the dark a light is seen betwixt the hands and glass.’ 

‘All this,’ continues the historian of Electricity, 
‘ while the pointed wire is supposed to be electrified 
positively ; if it be electrified negatively the appearance 
is rernarkably different. Instead of streams of fire, 
nothing is seen but one uniform luminous appearance, 
like a white cloud, or the milky-way on a clear star- 
light niglit. It seldom reaches the whole length of 
the vessel, but is generally only like a lucid ball at the 
end of the wire.’ « 

Of the two appearances here described the former is 
now l^nown as the electric brush, and the latter as the 
electric glow. Both can be produced in unconfined air. 
The glow is sometimes seen on the masts of ships, and it 
is mentioned by the ancients as appearing on the points 
of lances. It is called St. Ermo’s or St. Elmo’s fire, after 
the sailor Js saint, Erasmus, who suffered martyrdom at 
Gaeta at the beginning of the fourth century. 

• The purple colour of the diffused light in attenuated 
air was noticed by Hauksbee. The colour depends 
upon the residue of^ttenuated gas, or vapour, through 
which the discharge passes. If it be an oxygen-residue 
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the light is whitish, if it be a hydrogen-residue the light 
is red, if a nitrogen-residue the light is purple, exactly 
resembling that displayed at times by the aurora bore- 
alis— a colour doubtless du^ to the discharge of elec- 
tricity through the attenuated nitrogen of the air. 

Electric light in vacuo is readily prodliced by the 
friction of an amalgamated rubber against the outside 

4 

Fio. 52. 



of an exhausted tube. The light also is produced by 
the friction of mercury within a barometric vacuum. 
The discharges through tubes maify feet in length and 
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exhausted by an air-pump are very fine. The double 
barometer tube of Cavendish also yields a truly splendid 
bow of light, when a strong electric discharge is sent 
through it. For this expejiment fig. 52 shows the best 
arrangement, p is the prime conductor of an electrical 
machine, i an insulated metal ball, connected by a wire 
with the mdtcury trough a. The trough b is connected 
by a wire with the earth, c and c' mark the height of 
the mSrcuridl columns. ' When the machine is worked 
sparks pass from p to i, a vivid bow of light at each 
passage stretching from c to o'. By causing i to ap- 
proach p, the discharges becoine more frequent, but 
more feeble ; by augmenting *the distance p i, the 
sparks become rarer, but more strong. When very 
strong, a bow of dazzling brilliancy accompanies every 
spark. ^ 

Small tubes for these experiments are best obtained 
from philosophical instrument makers. 

§ 27. Lichteriberffs Figures. 

Lichtenberg devised a means of revealing the con- 
dition of an electAfied surface by dusting it with pojvder. 
Bed lead, in passing through muslin, is positively elec- 
trified^; flower of sulphur is negatively . electrified. 
Whisking a fox’s brush over a cake of resin, and draw- 
ing over the surface the knob of a Leyden jar, positively 
charged, the resin is rendered in part negative and in 
part positive. Dusting the mixed powder over the sur- 
face, the sulphur arranges itself over the positive places, 
and there^ lead over the negative places, a very beauti- 
ful pattern being the result. 

> It is well to have the interval pi at some distance from the bow, 
so that the light*^of the Bp|rk shall not impair the ejQfect of the discharge 
upon the eye. 
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This experiment of Lichtenberg’s constituted the 
germ of Chladni’s important acoustical researches. 
‘ Chladni’s figures ’ were the direct offspring of ^ Lich- 
tenb^rg’s figures.’ 


§ 28. Surface Compared with Mass. Distribution 

of Electricity in Hollow Conductors. 

\ * • 

Monnier proved that the charge of a conductor de- 
pended upon its surface, and not upon its solid contents. 
An anvil weighing 200 lbs. gave a smaller spark than 
a speaking trumpet weighing 10 lbs. A solid ball of 
lead gave a spark only of the same force as that obtained 
from a piece of thin lead of the same superficies, bent 
into the form of a hoop. Finally Monnier obtained a 
strong spark from a long strip of sheet lead, but a very 
small one when it was rolled into a lump. 

Le Eoi and D’Arcy showed that a hollow sphere 
accepted the same charge when empty as when filled 
with mercury, which augmented its weight 60-fold. 
All this proves the influence of surface as distinguished 
from ^ass. 

The distribution of electricity is well illustrated by 
the deportment of hollow bodies. Impart by your 
carrier (fig. 15) successive measures of electricity to the 
interior of an insulated ice-pail, or a pewter pot. On 
testing the interior of the vessel with the carrier and 
an electroscope no electricity is found there ; but it is 
found on the external surface. A hat suspended by 
silk strings answers as well as the ice-pail. 

This experiment with the hat is a very instructive 
one. The hat may be charged either with Cottrell’s 
rubber or with your rubbed glass tdbe. 
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Notice, when testing, that you take your strongest 
charges from the edges and not from the round or flat 
surface of the hat. The strongest charge of all is com- 
municated to the carrier Iqr the leaf of the hat. 

The successive charges may be communichted to 
the hat by a metal ball suspended by silk. The charged 
ball, on touching the interior surface, becomes com- 
pletely unelectric. 

Fio. 53. 



Franklin placed a long chain in a silver teapot 
which he electrified. Connecting his teapot with a 
pith-ball electroscope he produced a divergence. Then 
lifting the chain by a silk string he found that over 
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the portion outside the teapot the electricity dififused 
itself, this withdrawal of the electricity from the 
electroscope being announced by the partial collapse 
of the divergent pith-balls. i 

The mode of repeating this experiment is shown in 
fig. 53, where t is the teapot, supported on a good 
glass tumbler a, and connected by the wire w with the 
electroscope B. The effect is sn^all, but distinct. ^ 

The greatest experiment with hollow conductors was 
made by Faraday, who placed himself in a cubical 
chamber built of laths and covered with paper and wire 
gauze. It was suspended by silk ropes. Within this 
chamber he could not (fetect the slightest sign of elec- 
tricity, however delicate his electroscope, and however 
strongly the sides of the chamber might be electrified. 


§ 29, Physiological Effects of the Electric Discharge. 

The physiological effect of the electric shock has 
been studied in various ways. Graham caused a number 
of persons to lay hold of the same metaUplate, which was 
connected with the outer coating of a charged Leyden 
jar, and also to lay hold of a rod by which the jar wa^dis- 
charged. The shock divided itself equally among them. 

The Abbe Nollet formed a line of one hundred and 
eighty guardsmen, and sent the discharge through them 
all. He also killed sparrows and fishes by the shock. 
The analogy of these effects with those produced by 
thunder and lightning could not escape attention, nor 
fail to stimulate enquiry. 

Indeed, as experimental knowledge increased, men’s 
thoughts became more definite and exact as fegards the 
relation of electrical effects to thunder and lightning. 
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The Abbe Nollet thus quaintly expresses himself : ^ If 
any one should take upon him to prove, from a well- 
connected comparison of phenomena, that thunder is, 
in the hands of Nature, \Khat electricity is in ourj, and 
that the wonders which we now exhibit at our pleasure 
are little imitations of those great effects which frighten 
us ; I avow that this idea, if it was well supported, 
would give jne a gr^at deal of pleasure.’ He then 
points out* the analogies between both, and continues 
thus : ‘ All those points of analogy, which I have been 
some time meditating, begin to make me believe that 
one might, by taking electricity as the model, form to 
one’s self, in relation to thuncler and lightning, more 
perfect and more probable ideas than what have been 
offered hitherto.’ ' 

These views were prevalent at the time now referred 
to, and out of them grew the experimental proof by the 
great physical philosopher, Franklin, of the substantial 
identity of the lightning flash and the electric spark. 

Franklin was twice struck senseless by the electric 
shock. He afterwards sent the discharge of two large 
jars through six robust men ; they fell to the {ground 
and^ot up again without knowing what had happened ; 
they neither heard nor felt the discharge. Priestley, 
who made many valuable contributions to electricity, 
received the charge of two jars, but did not find it 
painful. 

This experience agrees with mine. Some time ago 
I stood in this room with a charged battery of fifteen 
large Leyden jars beside me. Through some awkward- 
ness on my part I touched the wire leading from the 
battery, and the discharge went through me. For a 
‘ Priestle/s * History of Electricity/ pp. 151-52. 
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sensible interval life was absolutely blotted out, but 
there was no trace of pain. After a little time con- 
sciousness returned ; I saw confusedly both the audience 
and tjie apparatus, and concluded from this, and from 
my own condition, that I had received the discharge. 
To prevent the audience from being alarmed, I made 
the remark that it had often been my desire to receive 
such a shock accidentally, and. that my •wish had at 
length been fulfilled. But though the Intellectual 
consciousness of my position returned with exceeding 
rapidity, it was not so >^ith the optical consciousness. 
For, while making the foregoing remark, my body pre- 
sented to my eyes the appearance of a number of 
separate pieces. The arms, for example, were detached 
from the trunk and suspended in the air. In fact, 
memory, and the power of reasoning, . appeared to be 
complete, long before the restoration of the optic nerve 
to healthy action. 

This may be regarded as an experimental proof that 
people killed by lightning suffer no pain. 


§ 30 . Atmospheric Electricity. 

Tlie air at all times can be proved to be a reservoir 
of electricity, which undergoes periodic variation. We 
have seen that ingenious men began soon to suspect 
a common origin for the crackling and light of the 
electric spark, and thunder and lightning. The greatest 
investigator in this field is the celebrated Dr. Franklin. 
He made an exhaustive comparison of the ^ects of 
electricity and those of lightning. The lightning flash 
he saw was of the same shape as the elongated electric 
spark ; like electricity, lightning strides pointed objects 
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in preference to others ; lightning pursues the path of : 
least resistance ; it burns, dissolves metals, rends bodies ' 
asunder, and strikes men blind. Franklin imitated all 
these effects, striking a pigeon blind, and killing % hen 

Fiq. 54. 



and turkey by the electrical discharge. I place before 
you in fig. 54, with a view to its comparison with a dis- 
charge of forked lightning, the long spark obtained 
from an effective ebonite machine, furnished with a 
conductor of a special construction, which favours 
length of spark. 

Having completely satisfied his mind by this com- 
parison of the identity of both agents, Franklin pro- 
posed to draw electricity from the clouds by a pointed 
rod greeted on a high tower. But before tlie tower 
could be built he succeeded in his object by means of 
a kite with a pointed wire attached to it. The elec- 
tricity descended by the hempen string which held 
the kite, to a key at the end of it, the key being sepa- 
rated from the observer by a silken string held in 
the hand. Franklin thus obtained sparks, and charged 
a«Leyden*phial with atmospheric electricity. 

But, spurred by Franklin’s researches, an observer 
in France had previously proved the electrical character 
of lightning. A translation of Franklin’s writings on 
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the subject fell into the hands of the naturalist BufFon, 
who requested his friend D’Alibard to revise the trans- 
lation, D’Alibard was thus induced jto erect an iron 
rod 40 feet long, supported by silk stnngs, and ending 
in a sentry-box. It was watched by an old dragoon 
named Coiffier, who on the 10th of May, 1752, heard a 
clap of thunder, and immediately afterwards* drew sparks 
from the end of the iron rod. 

The danger of experiments with metal ro5s was 
soon illustrated. Professor Eichmann of St. Peters- 
burg had a rod raised three or four feet above the 
tiles of his bouse. It was connected by a chain with 
another rod in his room ; the latter rod resting in a glass 
vessel, and being therefore insulated from the earth. 
Onthehth of August, 1753, a thunder cloud discharged 
itself against the external rod; the .electricity passed 
downwards along the chain ; on reaching the rod below, 
it was stopped by the glass vessel, darted to Kichrnann’s 
liead, which was about a foot distant, and killed him 
on the spot. Had a perfect communication existed 
between the lower rod and the eartl\, the lightning in 
this case would have expended itself harmlessly. 

In 1749 Franklin proposed lightning conductors. 
He repeated his recommendation in 1753. He was op- 
posed on two grounds. The Abbe Nollet, and those who 
thought with him, considered it as impious to ward off 
heaven’s lightnings, as for a child to ward off the 
chastening rod of its father. Others thought that 
the conductors would ^ invite ’ the lightning to break 
upon them. A long discussion was also carried on a% to 
wdiether the conductors should be blunt or pointed, 
Wilson advocated blunt conductors against Franklin, 
Cavendish, and Watson. He so inrfuenced George III., 
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hinting that the points were a republican device to 
injure his Majesty, that the pointed conductors on 
Buckingham House were changed for others ending 
in balls. Experience of •the most varied kind has 
justified the employment of pointed conductors. In 
1769 St. Paul’s Cathedral was first protected. 

The most decisive evidence in favour of conductors 
was obtained* from sUps ; and such evidence was 
needed, to overcome the obstinate prejudice of seamen. 
Case after case occurred in which ships unprotected by 
conductors were singled out from protected ships, and 
shattered or destroyed by lightning. The conductors 
were at first made movable, being hoisted on the ap- 
proach of a thunderstorm ; but these were finally aban- 
doned for the fixed lightning conductors devised by the 
late Sir Snow Harris. The saving of property and 
life by this obvious outgrowth of electrical research is 
incalculable. 


§ 31. The Returning Stroke. 

« 

In the year 1779 Charles, Viscount Mahon, atter- 
wardg Earl Stanhope, published his ^Principles of 
Electricity.’ On £he title-page of the book stands the 
following remark ; — ^ This treatise comprehends an 
explanation of an electrical returning stroke^ by which 
fatal effects may be produced even at a vast distance 
from the place where the lightning falls.’ 

Lord Mahon’s experiments, which are models of 
scientific tleamess and precision, will be readily under- 
stood by reference to the principles of electric induction, 
with which ♦you are now so familiar. It need only be 
noted here that whenever he speaks of a ^body being 
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phmged ^D an ^ electjicaL hejii^an^ 

th e body is exposed to the inductiv e act i o n of a second 
electrified body, which latter he supposed to be sur- 
rounded by such an atmosph^*e. 

A few extracts from his work will give a clear notion 
of the nature of his discovery : — 

placed an insulated metallic cylinder, ab, fig. 55, 


Fig. 55. 



within the electrical atmosphere of the prime con- 
ductor [p c] when charged, but beyond the striking dis- 
tance. The distance between the near end a of the 
insulated metallic body and the side of the prime con- 
ductor was 20 inches. The body ab was of brass, of a 
cylindrical form, 18 inches long by 2 inches in diameter. 
I then placed another insulated brass body bf, 40 inches 
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long by about 3| inches in diameter, with its end e at 
the distance of about one-tenth of an inch from the end b 
of the other metallic body ab. I electrified the prime 
conductor. All the time that it was receiving its plus 
charge of electricity there passed a great number of 
weak (red or purple) sparks from the end B of the near 
body AB intf) the end e of the remote body ef.’ 

Make cleaj to your^mind the origin of this stream 
of we^k red* or purple ‘sparks. It is obviously due to 
the inductive action of the prime conductor p c upon 
the body ab. The positive electricity of ab being 
repelled by the prime conductor, passed as a stream of 
sparks to b f. 

^When the prime conductor, having received its 
full charge, came suddenly to discharge, with an ex- 
plosion, its superabundant electricity on a large brass 
ball L, which was made to communicate with the earth, 
it always happened that the electrical fluid, which had 
been gradually expelled from the body a b and driven 
into the body e f, did suddenly return from the body e f 
into the body A B, in a strong and bright spark, at the very 
instant that the explosion took place upon the bal\ l. 

‘ This I call the electrical returning stroke.^ 

For the two conductors Lord Mahon then sub- 
stituted his own body and that of another person, both 
of them standing upon insulating stools. He continues 
thus : — 

^ I placed myself upon an insulating stool e (fig. 56), 
so as to have my right arm a at the distance of about 20 
inches from a large prime conductor ; another person, 
standing upon another insulating stool k, brought his 
right hand ift within one-quaiter of an inch of my left 
hand B. 
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‘When the prime conductor began to receive its 
plus charge of electricity, we felt the electrical fluid 
running out of my hand b into his hand F. 

Fia. 66. 



‘ When we separated our hands b and f a little, the 
electricity passed between us in sms^ll sparks, which 
sparks increased in sharpness the farther we removed 
our hands B and f asunder, until we had brought ^hem 
quite out of a striking distance. The intervals of time 
between these dejparting sparks increased also the 
more the distance between our hands b and f was in- 
creased, as must necessarily be the case. 

‘ As soon as the prime conductor came suddenly to 
discharge its electricity upon the ball l, the super- 
abundant electricity which the other person* had re- 
ceived from my body did then return from him to me 
in a sharp spark, which issued fron^ his h^d r at the 
very instant that the explosion of the prime conductor 
took place upon the ball l. 
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‘ I still continued upon the insulating stool e, and I 
desired the other person to stand upon the floor. The 
returning stroke between us was still stronger than it 
had yet been. The reason of it was this : — ^the other 
person being no longer insulated, transmitted his super- 
abundant electricity freely into the earth. I conse- 
quently became still more negative than before. 

‘ Now, wken the returning stroke came to take 
place, not only the electricity which had passed from 
my body into the body of the other person, but also the 
electricity which had passed from my body into the 
earth (through the other person), did suddenly return 
upon me from his hand F to my hand b, at the same 
instant that the discharge of the prime conductor took 
place upon the ball l. This caused the returning stroke 
to be stronger than before.’ 

Lord Mahon fused metals, and produced strong 
physiological effects by the return stroke. 

In nature disastrous efiects may be produced by the 
return stroke. The earth’s surface, and animals or men 
upon it, may be powerfully influenced by one end of an 
electrified cloud. Discharge may occur at the other 
end,^possibly miles away. The restoration of the elec- 
tric equilibrium by the return shock may be so violent 
as to cause death. 

This was clearly seen and illustrated by Lord Mahon. 
Fig. 57 is a reduced copy of his illustration, abc is 
the electrified cloud, the two ends of which, a and c, 
come near the earth. The discharge occurs at c. A 
man at f is killed by the returning stroke, while the 
people at n, nearer to the place of discharge, but farther 
from the cloud, are uninjured. 

With the view of still further testing your know- 
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ledge of induction, I have here copied a portion of this 
admirable essay ; but the entire memoir of Lord Mahon 

Fm. 47. 



I 


would constitute a most useful and interesting lesson 
in electricity. 

For our own instruction we can illustrate the return 
shock ^thus: — Connect one arm of your universal dis- 
charger, fig. 49, with a conductor like c, fig. 20, and 
the other arm with the earth. Bring c within few 
inches of your prime conductor, but not within striking 
distance ; on working the machine a stream of feeble 
sparks will pass from point to point of the discharger. 
Let the prime conductor be discharged from time to 
time by an assistant ; at every discharge the retuiming 
stroke is announced by a flash between the points of 
the discharger at 8. If gun-cotton with* a littte 
fulminating powder scattered on it, or a fine silver wire, 
be introduced between the points outlie dii^harger, the 
one is exploded and the other deflagrated. • 
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The stream of repelled sparks first seen may be en- 
tirely abolished by establishing an imperfect connexion 
between the conductor c and the earth: a chain resting 
upon the dry table on which the conductor stands 
will do. Tlie chain permits the feebler sparks to pass 
through it in preference to crossing the space s ; but 
the returning stroke is too strong and sudden to find 
a sufficiently iopen channel through the table and chain, 
and on the discharge of the prime conductor the spark 
is seen. 

It was the action of the return shock upon a dead 
frog’s limbs, observed in the laboratory of Professor 
Galvani, that led to Galvani’s experiments on animal 
electricity ; and led further to the discovery, by Volta, 
of the electricity which bears his name. 

§ 32. The Leyden Battery^ its Currents^ and some 
of their Effects. 

In the ordinary Leyden battery described in § 19 all 
tlie inner coatings are connected together, and all the 
outer coatings are also connected together. Such a 
battery acts as a single large jar of extraordinary di- 
mensions. 

Wires are warmed by a moderate electric discharge ; 
by augmenting the charge they are caused to glow ; 
with a strengthened charge the metal is torn to pieces ; 
fusion follows ; and by still stronger charges the wires 
are reduced to metallic dust and vapour. 

« For ^uch experiments the wire must be thin. 
Without resistance we can have no heat, and when the 
wire is thiHk we have little resistance. The mechanism 
of the discharge, as shown by the figures produced, is 
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different in different wires. The figure produced by 
the dust of a deflagrated silver wire on white paper is 
shown in fig. 58. 

Fig. . 



When the discharge of a powerful battery is sent 
through a long steel chain with the ends of its links 
unsoldered, the sparks between the unsoldered links 
carry the incandescent particles of the steel along witli 
them. These are consumed in the air, a momentary 
blaze occurring along the entire chain. Chain cables 
have been fused by being made the channels of a flasli 
of lightning. 

Eetaining our conception of an electric fluid, at 
this point we naturally add to it the conception of a 
current. It is the electric current wljich produces the 
effects* just described. In many of our former experi- 
ments we had electricity at rest (static electricity), 
here we have electricity in motion (dynamic elec- 
tricity). 

Sending the current from a battery through a flat 
spiral (the primary) formed of fifty or sixty feet of 
copper wire, and placing within a little distance of 
it a second similar spiral (the secondary) with its 
ends connected ; the passage of the current ia the fi^st 
spiral excites in the second a current, which is competent 
to deflagrate wires, and to produce all the ®ther effects 
of the electrical discharge. Even when the spirals are 
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some feet asunder, the shock produced by the secondary 
current is still manifest. 

The current from the secondary spiral may be 
carried round a third ; apd this third spiral m%y be 
allowed to act upon a fourth, exactly as the primary did 
upon the secondary, A tertiary current is thus evoked 
by the secoftdary in the fourth spiral. 

Carrying Jhis tertij^ry current round a fifth spiral, 
and crfusing*it to act inductively upon a sixth, we obtain 
in the latter a current of the fourth order. In this way 
we generate a long progeny of currents, all of them 
having the current sent from the battery through the 
first spiral, for a common progenitor. To Prof. Henry 
of the United States, and to Prof. Eiess of Berlin, we 
are indebted for the investigation of the laws of these 
currents. These researches, however, were subsequent 
to, and were indeed suggested by, experiments of a 
similar character previously made by Faraday with 
Voltaic electricity. 

Besides the electricity of friction and induction we 
liave the following sources and forms of this powel , 

The contact of dissimilar metals produces electricity. 

The contact of metals with liquids produces elec- 
tricity. 

A mere variation of the character of the contact of 
two bodies produces electricity. 

Chemical action produces a continuous flow of elec- 
tricity (Voltaic electricity). 

Heat, suitably applied to dissimilar metals, produces 
a continuous flow of electricity (thermo-electricity). 

The heating and cooling of certain crystals produce 
electricity (pyro-ele<5tricity). 
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The motion of magnets, and of bodies carrying elec- 
tric currents, produces electricity (magneto-electricity). 

The friction of sand against a metal plate produces 
electjicity. 

The friction of condensed water-particles against a 
safety valve, or better still against a box-wood nozzle 
through which steam is driven, produced* electricit}^ 
(Armstrong’s hydro-electric macjiine). 

These are different manifesfations of ohe and the 
same power ; and they are all evoked by an equivalent 
expenditure of some other power. 


Conclusion. 

Our experimental researches end here. I would 
now bespeak your attention for five .minutes longer. 
The expensiveness of apparatus is sometimes urged as 
an obstacle to the introduction of science into schools. 
I hope it has been shown that the obstacle is not a real 
one. Leaving out of account the few larger experi- 
ments, which have contributed but little to our know- 
ledge,^it is manifest that the wise expenditure of a couple 
of guineas would enable any competent teacher to glace 
the leading facts and principles of frictional electricity 
completely at the command of his pupils; giving them 
thereby precious knowledge, and still more precious in- 
tellectual discipline — a discipline which invokes obser- 
vation, reflection, prevision by the exercise of reason, and 
experimental verification. 

And here, if I might venture to do so, I w#uld urge 
upon the science teachers of our public and other schools 
that the immediate futureof science as a factc^ in English 
education depends mainly upon thei£. I would respect- 
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fiilly submit to them whether it would not be a mistake 
to direct their attention at present to the collection of 
costly apparatus. Their principal function just now is 
to arouse a love for scienti§c study. This is best dope by 
the exhibition of the needful facts and principles with 
the simplest possible appliances, and by bringing their 
pupils into bontact with actual experimental work. 

The very Jime and ^thought spent in devising such 
simple instruments will give the teacher liimself a 
grasp and mastery of his subject which he could not 
otherwise obtain; but it ought to be known by the head 
masters of our schools that time is needed, not only for 
devising such instruments, but ‘also for preparing the 
experiments to be made with them after they have been 
devised. No science teacher is fit to meet his class 
without this distinct and special preparation before 
every lesson. His experiments are part and parcel of 
his language, and they ought to be as strict in logic, 
and as free from stammering, as his spoken words. To 
make them so may imply an expenditure of time which 
few head masters now contemplate, but it is a necessary 
expenditure, and they will act wisely in makii% pro- 
vision for it. 

^o them, moreover, in words of friendly warning, I 
would say, make room for science by your own healthy 
and spontaneous action, and do not wait until it is 
forced upon you by revolutionary pressure from without. 
The condition of things now existing cannot continue. 
Its simple statement suffices to call down upon it the 
condemnation of every thoughtful mind. With refer- 
ence to the report of a Commission appointed last year 
to enquire ipto the scientific instruction of this country, 
Sir John Lubbock Vrites as follows: — ‘The Commis- 
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sioners have published retiu*ns from more than a hundred 
and twenty of the larger endowed schools. In more 
than half of these no science whatever is taught ; only 
thirfeen have a laboratory, and only eighteen possess 
any scientific apparatus. Out of tlie whole number, less 
than twenty schools devote as much as fipur hours a 
week to science, and only thirteen attach any weight at 
all to scientific subjects in the &xaminations.’ • 

Well may the Commissioners pronounce such a 
state of things to be nothing less than a national 
calamity ! If persisted in, it will assured!}^ be followed 
by a reaction which .the truest friends of classical 
culture in England will have the greatest reason to 
deplore. 
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point on stand 

4. Two sticks of sealing-wax 

5. Two sticks of gutta-percha 
(>. Two small glass tubes 

7. One large tube 

8. One rubber of flannel 
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Illustration of the Action of Points, 

34. An electric machine , • » • • . 1 1 0 

35. A conical metal conductor . . . .026 
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t5(5. Number of needles . . . . .002 

37. Reel of fine wire for connecting conductor wdtb 

machine . . . . . .003 

38, Point or wire fitting into pi^me conductor of machine ^ 

for the action of electnc wind on candle-flame . 0 0 (5 
30. Electric Mill . . . .010 

40. Paper tassel and wire . . . .000 

41. Book of |Uver leaf . . . . .010 

^ Tlie ^Leyden Jar. 

42. Ftrst foiln of Leyden jfar . . . .000 

43. An ordinarv Le}den jar . . . .040 

44. Bevis’s plate. . . . . .010 

45. Insulated discharger with metal knobs . .008 

4^5. Two sheets of tin with silk holders . . .010 

47. Glaas plate for ditto with silk holders . .010 

48. Leyden jar with moveable coatings . .020 

Ignition hy Electric Sparh^ etc. 
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50. An insulated brass ball . . . .010 

51. An Argand burner and flexible tubing . .030 
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Duroition of Electric Spark. 
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64. Spark apparatus for connection with Leyden jar 0 2 0 

66. \ acuum tube (electric light in vacuo) . 2 0 

Lichtenherg's Figures. 

60. A. resin cake . . . . . 0 1 (/ 

67. Bottle containing a mixture of flowers of sulphur 

and red lead ; muslin gauze for dusting powdei 
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68. Box and packing . . . . .080 


This apparatus is supplied by Mr. Stanley, of IS Ratlwt*S> 
^ Al^PBaACH, London Bridge. The instruments may he had 
singly or collectively in a box ; each box being guaranteed by 
the signature o/Mr, Cottrell. Pi'ke of the whole collection, 
box inclwdedt 51. 10^ 
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D.D. Dean of Ely, With Five Maps. Crown Svo. 7a Od, 

BISTORT of the ROMANS under the EMPIRE. By the Very Rev. 

C. Meiuvale, D.D. Dean of Ely. 8 vols. post Svo. 484. 

The FALL of the ROMAN REPUBLIC ; a Short History of the Last 

Century of the Commonwealth. By the same Author. 12mo. 74. 6d. 

The STUDENTS MANUAL of the BISTORT of INDIA, from the 
t Earliesi^criod to the Present. By Colonel Meadows Taylor, M.R.A.S< 
M.R.I.A. Second Thousand. Crown Svo. with Maps, 74. 6d. 

The BISTORT of INDIA, from the Earliest Period to the close of Lord 
Dalhousie’s Administration. By J. C. Mabshman. 8 vols, crown Svo. 224. 6d« 
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The NATIVE STATES of INDIA in SUBSIDIARY ALLIANCE 

with the BRITISH GOVERNMENT ; on Historical Sketch. By Colonel G. B. 
MALLU0OM, C.S.1. With 6 Coloured Maps. 8vo. 15^. 

INDIAN POLITY ; a View of the SvBtem of Administration in India. 
By’liieutenant'Colonel Geo rob Cuesket, Fellow of the University of Calcutta. 
New Edition, revised ; with Map. 8vo. price 215. 

The BRITISH ARMY in l875; with Suggestions on its Administra- 
tion and Organisation. By John Holms, M.P. New and Enlarged Edition, 
with 4 Diagrams. Crown 8vo. price 4.?. Gri. ^ # 

The HISTORY of PRUSSIA, from the Earliest Times to the Present 
Day ; tracing the Origin and Development <r»f her ]\Iilit;% Oi-ganisation. By 
Captain W. J. Wyati’. Vols. I. and II. a.d. tOO to A.n. %yo. 3Gif 

POPULAR HISTORY of FRANCE, from the Earliest Times to tlio 
Death of Louis XIV. By ErjzAinmi Skwicll, Author of ‘ Amy Herbert ’ &c. 
With Coloured Maps. Crown Svo. 7s. (id. 

STUDIES from GENOESE HISTORY. By Colonel G. B. Malleson, 
O.S.I. Guardian to His Highness the MahaiAjtl of Mysore. Crown 8vo. IOj. Grf. 

LOED UACAULAT’S CBITiSaL and HISTOEICAL ESSAYS. Cheap 

.Edition, authorised and complete. Crown 8vo. oa-. GtL 
Cabinbt Edition, 4 vols. post 8vo. 215 , I Librajiy Edition, .*1 vols. 8vo. 365. 
People’s Edition, 2 vols. crown 8vo. 85. | Student’s BornoN, 1 vol. cr. 8vo. 65. 

HISTORY of EUROPEAN MORALS, from Aggustus to Charlemagne. 

By W. E. H. Lecky, M.A. Second Edition. 2 vols. 8vo. price 285. 

HISTORY of the RISE and INFLUENCE of the SPIRIT of 

RATIONALISM in EUROPE. By W. B. H. Lkcky, M.A. Cabinet Edition, 
being the Fourth. 2 vols. crown 8vo. price IG5. 

The HISTORY of PHILOSOPHY, from Thales to Comto. By 

Gbouoe Hbnky Lewes. Fourth Edition. 2 vols. 8vo. o'is* 

The HISTORY of the PELOPONNESIAN WAR. By Thucydides. 

Translated by R. CiiAWLiSY, Fellow of Worcester College, Oxford, 8vo. IO5. (u/. 

The MyTHOLOGY of the ARYAN NATIONS. By Geoeob W. 

. Cox, M.A. late Scholar of Trinity College, Oxford, 2 vols. 8vo. 285. 

TALES of ANCIENT GREECE. By Gkorge W. Cox, M.A. late 
Scholar of Triu. Coll. Oxon. Crown 8vo. price 65. Gd. • 

HISTORY of CIVILISATION in England and Franco, Spain and Scot- 
land. By Henry Thomas Buckle. New Edition of the entire Work, with 
a complete Index. 3 vols. crown 8vo. 245. 

SKETCH of the HISTORY of the CHURCH of ENGLAND to the 

Revolution of 1688. By the Right Rev. T. V. Short, D.D. Lord Bishop of 
St. Awiph. Eighth Edition. Crown 8vo. 75. Gd. 

MAUNDER’S HISTORICAL TREASURY; General Introductory Out- 
lines of Universal History, and a scries of Separate Histories, Latest Editiea, 
revised by the Rev. G. W. Cox, M.A. Fcp. 8vo. 65. cloth, or IO5. Gd. calf. 

CATES’ and WOODWARD’S ENCYCLOPiBDIA of CHRONOLOGY, 

HISTORICAL and BIOGRAPHICAL. 8vo. price 425. • 

The ERA of the PROTESTANT REVOLUTION. By F. Skebohm. 
With 4 Coloured Maps and 12 Diagrams on Wood. Fcp. 8vo. 25. 6d. 
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The CRUSADES. By the Rev. G. W. Cox, M.A. late Scholar of Trinity 

College, Oxford. With Coloured Map. Fcp. 8vo. 2s. Qd. 

The THIRTY YEARS’ WAR, 1618-1648. By Samukl Rawson Gar- 
DINEU, late Student of Christ Chunjnh. With Coloured Map. Fcp. Svo.^s, Od. 

The HOUSES of LANCASTER aind YORK ; with the Conquest and 
Loss of France. By James Gaiudnkh, of the .Public Record Office, With Five 
Coloured Maps. Fcp, 8vo. 2^. 6d. 

EDWARD the THIRD. By the Rev. W. Waruurton, M.A. late 
Fellow of aA: Souls C^Ologo, Oxford. With a Coloured Maps and 8 Genealogical 
Tables. Fcp. 8vo. 2s. lid. 

The AGE of E^IZABETHh By the Rev. M. Creighton, M.A. hito 
Felfow .'ind<5’utor of Merton College, Oxford. AVith o Maps and 4 Genealogical 
Tallies. Fcp. 8vo. 2.v. 

The FALL of the STUARTS; and Western Europe from 1678 to 

1<!!)7. By the 1l.ev. M. Hale, M.A. Aa^istant-Master, AVith 11 Ma])S .and 

I'lans. i'\'p. 8 VI). 2.v. ('»/. 

The FIRST TWO STUARTS and the PURITAN REVOLUTION, 

IfiOil-lfiOO. By Sami:ei, Bawso.n Gauiunkr, late Student of Christ Cliiirch. 
With 4 Coloured Maps. Fcp. 8vo. 2.v. (id. * 

The WAR of AMERICAN INDEPENDENCE, 1775-1783. By 

.Toiix Maloolm Lcdi-ow, B:irrist(T*at-La\\'. With 4 Coloured Maps. Fcp. 
8vo. 2«. (id.. 

REALITIES of IRISH LIFE, By W. Steuart Trench, late Land 
Agent in Ireland to the Marquess of Lanstlownc, the Marquess of Bath, and 
Lord Digby. Ciioapcr Edition. Crown 8vo. price 2s. Qd, 


Biographical Works. 

The LIFE and LETTEES of LOED MACAULAY. By his Nephew, 

G. Orro Tiievklvax, M.P. 2 vols. 8vo. with Purtniit, price :1 ().l 

The LIFE of SIR WILLIAM FAIRBAIRN, Bart. F.R.S. Corro- 

s])f)nding Mc'mbrr of the Ts^ational ln.stitute of I’raiicc. kt. Piirtly written by 
himscir; edited and, conqileted Ijy Wili.iam PoLI:, {hi (he Press. 

AETHUE SCHOFENHAUEE, his LIFE and his FHIllbsOPHY. 

By JIki.kn ZiM.MKiiN. Post 8vo. with Portrait, 7,v. lid. 

MEMOIRS of BARON STOCEMAR. By Ills 8 on, Baron E. Von 
Stock, MAR. Translated frem the Gorman by G. A. M, Edited by F. Max 
M i i.LKR, M.A. 2 vols. crown 8vo. 2l,s-. 

AUTOBIOGRAPHY. By John Stuart Mitx. 8vo. price 7^. 6c?. 

The LIFE of NAPOLEON III. derived from State Records, Unpublished 
Family Correspondence, and Personal Testimony. By BLANeiiAui) Jehrold. 
4 vols. 8vo. with numerous Portraits and Facsimiles. Voi^. I. and II. price 18i. 
each. The Third Voliinie is in the press. 

LIFE and LETTERS of Sir GILBERT ELLIOT, First EARL of 

MINTO. Edited by the Countess of Minto. 8 vols. 8vo. 3U. Grf. 

ESSAYS in MODEEN MILITAEY BIOGEAPHY. By Charles 

CoRNW^Ufi Chesney, Lieutenant'Colonel in the Roj'nl Engineers. 8vo. 12«. 6rf. 

1^6 MEMOISS of SIE JOHN EEEESBY, of Thrybergh, Bart. M.P. 
for York, Aic. 1634— 1C8J). Written by Himself. Edited from the Original 
Manuicript by Jajies J. CAUi’wuiGirr, M.A. 8vo. price 2\s. 
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ISAAC CASATTBONT) 1559-1614. By Mark Pattison, Rector of 

Lincoln College, Oxford, 8vo. 18«. 

LOBBf GEORGE BENTINGK; a Political Biography. By the Right 

Hon. Benjamin Disraeli, M.P. Crown 8vo. price 6«. 

LEADERS of PUBLIC OPINION in IRELAND; Swift, Flood, 
Grattan, and O’Connell, By W. B. H. Lecky, M.A. New Edition, revised and 
enlarged. Crown 8vo. price 7s. 6d. 

DICTIONARY of GENERAL BIOGRAPHY* containing Concise 
Memoirs and Notices of tlie most Eminent Pemons of all Countries, firm the 
Earliest Ages. By W. L. R. Cates. New Mition, extenold m a Suj^lement 
to the Year 1875. Medium 8vo. price 25s. * 

LIFE of the DUKE of WELLINGTON. By the Rev. G. R. Gleio, 
M.A. Popular Edition, carefully revised ; with copious Additions. Crown 8vo. 
with Portrait, 6s. 

MEMOIRS of SIR HENRY HAVELOCK, K.C.B. By John Clark 
Marshman. Cabinet Edition, with Portrait. Crown 8vo. price (id. 

VICISSITUDES of FAMILIES. By Sir J. Bernard Burke, C.B. 
Ulster King of Arms. New Edition, enlarged. 2 vols. crown 8vo. 21jf. 

The RISE of GREAT FAMILIES, other Essays and Stories. By Sip 
J. Bernard Burke, C.B. Ulster King of Arms. Crown 8vo. price r2j. 6d. 

ESSAYS in ECCLESIASTICAL BIOGRAPHY. By the Right Hon. 

Sir J. STEniKN, LL.D. Cabinet Edition. Crown 8vo. 7s. 6d. 

MAUNDER’S BIOGRAPHICAL TREASURY. Latest Edition, re- 

constructed, thoroughly revised, and in great part rewritten ; with 1,000 addi- 
tional Memoirs and Notices, by W. L. R. Cates. Fep, 8vo. 65. cloth ; 10s. Of/, calf, 

LETTERS and LIFE of FRANCIS BACON, including all his Occa- 
sional Works. Collected nnd edited, with a Commentary, by J. Spkddino, 
Trin. Coll. Cantab. Complete in 7 vols. 8vo. £4. 4^. 

The LIFE, WORKS, and OPINIONS of HEINRICH HEINE. By 

WiLiJAM Stigani). 2 vuls. 8 yo. with rurtr.ait of llcincJ| price 28s. 

BIOGBAi>HICAL and CBITICAI ESSAYS, reprinted from Keriows, 

with Additions and Corrections. Second Edition of the Second Series, By A. 
Hayward, Q.C. 2 vols. 8vo. price 285. Third Skiues, in 1 vol. 8vo. prj^e 14j. 


Criticism, Philosophy, Polity, &c. 

The LAW of NATIONS considered as INDEPENDENT POLITICAL 

COMMUNITIES ; the Rights and Duties of Nations in Time of War. By 
Sir Travers Twiss, D.tl.L., P.R.S. New Edition, revised; with an Intro- 
ductory Juridical Review of the Results of Recent Wars, and an Appendix of 
Treaties and other Documents, 8vo, 215. 

CHURCH and STATE: their relations Historically Developed. By 
T. IIei.vuich Gekfckev, Professor of liiiernational Law at the ^^liversity of 
Strasburg. Translated from the German by E. Fairfax Taylor. L" the presA 

A SYSTEMATIC VIEW of the SCIENCE of JURISPRUDENCE. 

By Sheldon Amos, M.A. Professor of Jurisprudence to the Inns of Court. 
London. 8vo. price 185. 
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A PRIMEB of the EKOLISH CONSTITUTION and GOVERNMENT. 

By Sheldon Ajiob, M.A. Professor of Jurisprudence to the Inns of Court. 
Second Edition, revised. Crown 8v%. C5. ^ 

OUTLINES of CIVIL PROCEDURE. Being a General View of the 
Supreme Court of Jm’^catureand of the whole yrnotice in the Common Law and 
('hancery Divisions under all the Statutes now in force. By Edwahd Stanley 
IloscoK, Banjster-at-Law. 12mo. price 3.y. 6Vf. 

The INSTITUTES of JUSTINIAN ; with English Introduction, Trans- 

lation and Kotes. By T. C. Sandabs, M.A. Sixth Edition. 8vo. 18j. 

SOCBARES acid*tlio SOCBATIC SCHOOLS. Translated £rom the 
Gennan of Dr. B. Zeller, with the Author’s approval, by the Rev. Oswald J. 
Bbichel, M.A. Grown 8vo. 85. 6d. 

The STOICS, EPICUREANS, and SCEPTICS. Translated from the 
German of Dr. E. Zeli.er, with the Author’s approval, by Oswald J. Reichel, 
M.A. Crown 8vo. price U4. 

PLATO and the OLDER ACADEMY. Translated from the German 
of Dr. Eduard Zelu^ii by S. Frances AiLArrNK and Ali-'uj.:i) Goodwin, B.A. 
Fellow of Balliol College, Oxford. Crown 8vo. 18«. 

The ETHICS of ARISTOTLE, with Essays and Notes. By Sir A. 

Grant, Bart. M.A. LL.D. Third Edition. 2 vols. 8vo. B2s. 

The POLITICS of ARISTOTLE ; Greek Text, with English Notes. By 

Richard Congreve, M.A. New Edition, revised. 8V0.I85, 

The NICOMACHEAN ETHICS of ARISTOTLE newly translated into 
English. By R, Williams, B.A. Fellow and late Lecturer of Merten College, 
and sometime Student of Christ Church, Oxford. Eew Edition. 8vo. 7s, (id. 

PICTURE LOGIC ; an Attempt to Popularise the Science of B-eason- 

ing by the combination of Humorous I’ictures with Examples of Reasoning 
taken from Daily Life. By A. Swinbouhnk, B.A, With Woodcut Illustru- 
tions from Drawings by the Author. Second Edition. Fcp. 8yo. price 5s. 

ELEMENTS of LOGIC. By R. Whatfxy, D.D. late Archbishop of 
Dublin. New Editi<fa. 8vo. 10^. 6d. crown 8vo, 4^. 6d. 

Elementg of Rhetoric. By the same Author. New Edition. Syo* 
lOj. 6d. crown 8vo. 4s. 6d. 

Engltsh Synonymes. By E. Jane Whately. Edited by Archbishop 
Whately. Fifth Edition. Fcp. 8vo. price 3s. 

On the INFLUENCE of AUTHORITY in MATTERS of OPINION. 

By the lato Sir C eoiigk Coknstwall Lewis, Bart. New Edition. 8vo. 14.v. 

COMTE’S SYSTEM of POSITIVE POLITY, or TREATISE upon 

SOCIOLOGY. Translated from the Paris Edition of 1851-1854, and furnished 
with Analytical Tables of Contents. In Four Volumes, 8vo. each forming in 
some degree an independent Treatise 

VOL. I. General View of Positivism and its Introductory Principles. Translated 
by J. H. Bridges, M.B. Price 21 j. 

VoL. II. Social Statics, or the Abstract Laws of Human Order. Translated by 
F. Harrisqjj, M.A. Price 14^. 

*VoL. III. Social Dynamics, or the General Laws of Human Progress (the 
Philosophy of History). Translated by Prof^sor E. S. Beesly, M.A. 8vb. 21.?. 

VOL. IV, Synthesis of the Future of Mankind. Translated by R. Congreve, 
M.D. ; and an Appendix, containing the Author’s Minor Treatises, translated by 
H. D. Hutton, M. A. ^ {In ths "press. 
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BEHOCBACY in AMEBXCA. 3y Albxis de TocauEYiLLE. Trans- 

lated by Henry Bekv'e, Esq, New Edition. 2 vols/ crown 8vo. 16i. 

OBDEB and FBOGBESS : Fart I. Thoughts on Gorernment ; Part 
II. •Studies of Political Crises. By Frederic Hauiuson, M.A. of Lincoln’s 
Inn, 8 yo. price 14^. 

BACON’S ESSAYS with ANNOTATIONS, By K, Whatelt, B.D. 
late Archbishop of Dublin. New Edition, 8to. price 10«. 6d, 

LOBD BACON’S WOBKS, collected and edited ^by J. Sjl>EDDiNO, M.A. 
B. L. Ellis, M.A. and D. D. Heate. 7 vols. 8vo. price £3. 13^. 6d. 

On BEPBESENTATIVE GOVEBNMEH^JC. By Jc*n ^TUAKrft Mile 

Crown 8vo. price 2i. 

On LIBEBTY. By John Stuart Mill, New Edition. Post 
8to. 7s, 6d, Crown 8vo. price U. id, 

PBINCIPLES of POLITICAL ECONOMY. By John Stuart Mux. 
SoYenth Edition. 2 vols. 8vo. 80i. Or In 1 vol. crown 8vo. price 

ESSAYS on SOME UNSETTLED QUESTIONS of POLITICAL 

ECONOMY, By John Stuar^Mill, Second Edition. 8vo, 6#. 

UTILITABIANISM. By John Stuart Mill, New Edition. 8vo. 5^. 

DISSEBTATIONS and DISCUSSIONS : Political, Philosophical, and 

Historical. By John Stuart Mill. New Editions. 4 vols. 8vo, price £2. 0«. Crf. 

EXAMINATION of Sir. W. HAMILTON’S PHILOSOPHY, and of the 

Principal Philosophical Questions discussed in his Writings, By John Stuart 
Mill, Fourth Edition. 8vo. 16s, 

An OUTLINE of the NECESSABY LAWS of THOUGHT; a Treatise 
on Pure and Applied Logic. By the Most Kev. W. Thomson, Lord Archbishop 
of York, D.D. F.B.S. New Edition. Crown 8vo. price 6s, 

PBINCIPLES of ECONOMICAL PHILOSOPHY, By Henry Dunnino 
Maclkod, M.A. Barrister-at-Law. Second Edition. In Two Volumes. VOL I 
8vo. price 15s. Vol. II. Part I. price 125. Vol. IL Part II. Just ready. 

A SYSTEM of LOGIC, EATIOCIEATITE aad INDUCTIVE. By Johk 
• Stuart Mill, Ninth Edition. Two vols. 8vo. 255. ^ 

SPEECHES of the BIGHT HON. LOBD MACAULAY, corrected by 

Himself. People’s Edition, crown 8vo. 35. 6d, ^ 

The OBATION of DEMOSTHENES on the CBOWN. Translated by 

the Bight Hon. Sir K. P. Collier, Crown 8vo. price 55. ^ 

FAMILIES of SPEECH : Four Lectures delivered before the Hoyal 
Institution of Great Britain. By the Bev. F. W. Farrar. D.D F R S Npw 
E dition, Crown 8vo. 35. 6d. , 

CHAPTEBS on LANGUAGE. By the Kev. F. W. Farrar, D.D. F.K.S, 
New Edition. Crown 8vo. 65. 

HANDBOOK of the ENGLISH LANGUAGE. For the use of Students 

of the Universities and the Higher Classes in Schools. By E. G. Iatham. M.A. 
M.D. The Ninth Edition. Crown 8vo. price 65. psr - f- 

DICTION ABY of tho ENGLISH LANGUAGE. By R. G. Latham, 
M.A. M.D. Abridged from Dr. Latham's Edition of Johnson’s English Dic- 
tionarys and condensed into One Volume. Medium 8vo. price ^s. 



8 


NBW WORKS FUBLUHSD BT LONQHANB Aino CO. 


A DICTIOKARY of the ENGLISH LANGUAGE. ByE. G. Latham, 
M.A. M.D. Founded on the Dictionary of Dr. Samuel Johnson, aa 
edited by the Bev. H. J. Tood, with numerous Bmendations and Additions. 
In Four Yolumes, 4to. price £7. e « 

THESAURUS of ENGLISH WORDS and PHRASES, classified and 

arranged so as to facilitate the Expression Ideas, and assist in Literary 
Composition. By P. M. Boget, M.D. New Edition. Crown 8vo. lOi. 6d. 

LECTURES 01 the SCIENCE of LANGUAGE. By F. Max Mulleb, 
M.A. &c. The Eightd'Edition. 2 yols. crown 8vo. 16f. 

MANUAL of ENGLISH LITERATURE, Historical and Critical. By 

THdkAB Arfl^OLD, M.A. Ne\f Edition. Grown 8yo. 7s. 6<2. 

SOUTHEY’S DOCTOR, complete in One Volume. Edited by the Eev. 

J. W. Wartek, B.D, Square crown 8vo. 12i. 6d. 

HISTORICAL and CRITICAL COMMENTARY on the OLD TESTA- 
MENT ; with a New Translation. By M. M. Kamsch, Ph.D. Vol. I. Qmesis^ 
8vo. 18«. or adapted for the General Reader, 12«. Vol. II. Exodus^ 16j. or 
adapted for the General Reader, 125 . Vol. III. Leititicusy ‘ Part I. 165. or 
adapted for the General Reader, 85. Vul. IV. LeviticuSy Part II. 165. or 
adapted for the General Reader, Ss, 

A DICTIONARY of ROMAN and GREEK ANTIQUITIES, with 

about Two Thousand Engravings on Wood from Ancient Originals, illustrative 
of the Industrial Arts and Social Life of the Greeks and Romans. By A. Rich, 
B.A. Third Edition, revised and improved, Crown 8 vo. price 75. 6d. 

A LATIN-ENGLISH DICTIONARY. By John T. White, D.D. 
Oxon. and J. E. Riddle, M.A. Oxon. Fifth Edition. 1 vol. 4to. 285. 

WHITE’S COLLEGE LATIN-ENGLISH DICTIONARY (Intermediate 
Size), abridged for the use of University Students from the Parent Work (as 
above). Medium 8vo. Third Edition, 165. 

WHITE’S JUNIOR STUDENT'S COMPLETE LATIN-ENGLISH and 

ENGLISH-LATIN DICTIONARY. New Edition. Square 12mo. price 125. 
i The EN(3LISH-LATIN DICTIONARY, price 65. 6d, 
cseparawiy j LATIN-ENGLISH DICTIONARY, price 75. 

A LATIN-ENGLISH DICTIONARY, adapted for the Use of Middle ^ 

Class Schools. By John T. White, D.D. Oxon, Square fcp. 8vo. price 3s. 

An £iT(}I.ISH-OBEEE LEXICON, containing all the Greek Words 
used by Writers of good authority. By C. D. Yongk, M.A. 4to. price 21s. 

Mr. YONGE’S NEW LEXICON, English and Greek, abridged from 
his larger work (os above). Revised Edition. Square 12mo. price 6s. 6d, 

A GREEK-ENGLISH LEXICON, Compiled by H. G. Liddell, D.D. 
Dean of Christ Church, and R. Scon, D.D. Dean of Rochester. Sixth ^ition. 
Crown 4to. price 8C5. 

A LEXICON, GREEK and ENGLISH, abridged from Liddell and 
Scon's Oveek‘English Lexicon. Fourteenth Edition. Square 12mo. 7s, 6d. 

A^PRACTiCAL DICTIONARY of the FRENCH and ENGLISH LAN- 

GUAGES. By L. Contansbau. Revised Edition. Fost8vo. 75. 6d. 

CONTANSEAU’S POCKET DICTIONARY, French and English, 

abridged from the above by the Author. New Edition. Square 18mo. 85. 6d. 
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A NEW POCKET BIGTIONAKT of the GEBMAN and ENGLISH 

LANGUAGES. By F. W. Longman, Balliol College, Oxford. 18mo. 

NEW«PBACTIGAL DIGTIONABT ^ the GEBMAN LANGUAGE; 

Germon-English and English-German. By the Rev. W. L. Blackley, M.A. 
and Dr. Carl Martin Friedlander. Post 8vo. 7s, 6d, 

The MASTEBT of LANGUAGES ; or, the Art of Speaking Foreign 

Tongues Idiomatically. By Thomas Prendergast, 8vo. 6^^ 


Miscellaneous Works and P»pular Meiaphyeics. 

LECTUBES delivered in AMERICA in 1874. By Charles Kingsley, 
F.L.S. F.G.S. late Rector of Eversley. Crown 8vo. price 

GEBMAN HOME LIFE. Reprinted, with Revision and Additions, 
from Fraser's Magazine. Crown 8vo. 6^. 

THE MISCELLANEOUS WORKS of THOMAS ARNOLD, D.D. 

Late Head Master of Rugby School and Regius Professor of Modern History in 
the University of Oxford, collected and republished. 8vo. 7 j. Gd. 

MISCELLANEOUS and POSTHUMOUS WORKS of the Late HENB7 

THOMAS BUCKLE. Edited, with a Biographical Notice, by Helen Taylor. 
3 vols. 8vo. price 62^. 6d. 

MISCELLANEOUS WRITINGS of JOHN CONINGTON, M.A. late 

Corpus Professor of Latin in the University of Oxford. Edited by J. A. 
Symonds, M.A. With a Memoir by H. J. S. Smith, M.A. 2 vols. 8vo. 28 a 

ESSAYS, CRITICAL and BIOGRAPHICAL. Contributed to tho 
Edinburgh Review. By HiiXiiv RoGEi«. New Edition, with Additions. 2 vols. 
crown 8vo. price 125. 

ESSATS on some THEOLOGICAt COKTBOVEBSIES of the TIKE. 

Contributed chiefly to tho Edinburgh Review, By Henry lloGKiia. New 
Edition, with Additions. Crown 8vo. price (>5. ^ 

.BECBEiTIONS of a COXrHTBT PABSOB. By A. K. H. B. Fibst 

and Second Series, crown Svo. 3 a 6d. each. 

The Common-place Philosopher in Town and Country. By A. H. B. 

Crown 8 VO. price 3 a 6d. 

Leisure Hours in Town; Essays Consolatory, .ffistheticf^l, Moral, 
Social, and Domestic. By A. E. H. B. Crown 8vo. 3 j. 6d. 

The Autnmn Holidays of a Country Parson ; Essays contributed to 

FraseFs Magazine^ &c. By A. E. H. B. Crown 8vo. 35. 6d. 

Seaside Musings on Sundays and Week-Days.* By A. K. H. B. 

Crown 8yo. price 85 . Gd. 

The Graver Thoughts of a Country Parson. By A. K. H. B. Fibst, 

Second, and Third Series, crown 8vo. 3a Cd. each. 

Critical Essays of a Country Parson, selected from JJssays con- 
tributed to Fraser's Magazine, By A. E. H. B. Crown Svo. 35. 6d. * 

Sunday Afternoons at the Parish Church of a Scottish University 

City. ByA.K.H.B. Crown Svo. 3 a 6 d. 
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Lefso&s of Viddli. Age; with eome Accoimt of vaxioiis . Cities and 
lien. ByA.£.H.B; Grown 8m 34. 6d. 

Counsel and Comfort spoken from a City Pulpit. 3j A. E, H. B. 
Crown 8to. price 3j. 6d. • 

Changed Aspects of Unchanged Truths; Hemorials of St. Andrews 
Sundays. By A. K. H. B. Crown 8vo. 8j. 6d, 

Present-day Thoughts; Memorials of St. Andrews Sundays. By 

A. K. H. B. V!rown 8vo. 84. 6d. 

Landscapes, Cheches, and Moralities. By A. E. H. B. Crown 
Svo.^rice Zs^Gd, ^ 

SHOKT STUDIES on GREAT SUBJECTS. By James Anthony 
Fboudb, M.A. late Fellow of Exeter Coll. Oxford. 3 Yols. crown 8vo. price 124. 
or 2 vols. demy 8vo. price 244. 

SELECTIONS from the WRITINGS of LORD MACAULAY. Edited, 

with Ocoasional Explanatory Notes, by Okoiige Orro TR]':vi-:rYAN, M.P. 
1 vol. crown 8vo. [In the pnsi^. 

LORD MACAULAY’S MISCELLANEOUS WRITINGS 

Library Edition. 2 vols. 8vo. Portrait, 214. 

People's Edition. 1 vol. crown 8vo. 44. 6d, 

LORD MACAULAY’S MISCELLANEOUS WRITINGS and SPEECHES. 

Student's Edition, in crown 8vo. price 64. 

The Rev. SYDNEY SMITH’S MISCELLANEOUS WORKS; including 

Kis Contributions to the Edinburgh Review, Crown 870. C4. 

The WIT and WISDOM of the Rev. SYDNEY SMITH ; a Selection of 

the most memorable Passages in bis Writings and Conversation. 16mo. 84. 6d. 

The ECLIPSE of FAITH; or, a Visit to a Eoligions Sceptic. By 

Henry Booicks. Latest Edition. Fcp. 8vo. price 54. 

Defence of the Eclipse of Faith, by its Author ; a rejoinder to Dr. 

Newman’s Reply, Latest Edition. Fcp 8vo. price 34, Gd, 

CHIPS from a GERMAN WORKSHOP; Essays on the Science of 
Beligion, on Mytbolofiy, Traditions, and Cnstoms, and on the ScienUl; of Lan- 
guage. By F. Max MUllbb, M.A. 4 vols. 8vo. £2, 184. 

ANALYSIS of the PHENOMENA of the HUMAN MIND. By 
Jahes Mill. A New Edition, with Notes, Illustrative and Critical, by 
Alexander Bain, Andrew Fikdlater, and George Grote. Edited, with 
additional Notes, by John Stuart Mill. 2 vols. 8yo. price 284. 

An INTRODUCTION to MENTAL PHILOSOPHY, on the Inductive 

Method. By J. D. Morell, M.A. LL.D. 8vo. 124. 

PHILOSOPHY WITHOUT ASSUMPTIONS. By the Rev. T. P. 

Kiukman, F.B.S. fleeter of Croft, near Warrington, 8vo. IO4. Gd, 

The SENSES and the INTELLECT. By Alexander Bain, M.D. 
Professor of Logic in the Hniveraity of Aberdeen. Third Edition. 8vo. 154. 

The EMOTIONS and the WILL. By Alexander Bain, LL.D. Pro- 
fessor of Logic in the Umiveraity of Aberdeen. Third Edition, thoroughly 
•revised, A8I bk great part ro- written. 8vo. price 154. 

MENTAL and MORAL SCIENCE: a Compendium of Psychology 
and Ethics. By the same Author. Third Edition. Crown 8vo. IO4. Gd, Or 
separately : P^r I. Mental Science^ 64. Gd, Part II. Moral Science^ U, Gd, 
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LOGIC, DEDUCTIVE and lEDTTCTIVE. By Alexander Bain, LL.D. 
In Two Farts, orown 8to. 10a 6d, Bach Part may be haa separately 
Part I. Deduction, As, Part II. Jiiduction, Qs, Gd, 

A BUDGET of PABADOXES. By ^gustus De Morgan, F.B.A.S. 

and C.P.S. 8vo. Ifij. 

APPABITIOKS ; a Narrative of Facts. By the Kev. B. W. Savile, 

M.A. Author of * The Truth of the Bible ' &c. Crown 8vo. price As. Gd, 

A TBEATISE of HUMAN NATUBE, being axy^ttemid; to Introduce 
the Experimental Method of Reasoning into Moral Objects ; followed by Dia- 
logues concerning Natural Religion. By David Hume, ^dited, with Notes, 
&c. by T. H. Green, Fello w and Tutor, Ba^. Coll, and T!. H, Grosil Fellow 
and Tutor, Queen’s Coll. Oxford, 2 vols. 8vo. 28#. • 

ESSAYS MOBAL, POLITICAL, and LITERABY. By David Hume. 
By the same Editors. 2 vola. 8vo. price 28#, 

The PHILOSOPHY of NECESSITY ; or, Natural Law as applicable to 
Mental, Moral, and Social Science. By Charles Bray. 8vo. 8#. 

UEBEBWEG’S SYSTEM of « LOGIC and HISTORY of LOGICAL 

DOCTRINES. Translated, with Notes and Appendices, by T. M. Lindsay, 
M.A. F.R.S.E. Svo. price IG#. 

FRAGMENTARY PAPERS on SCIENCE and other Subjects. By 
the late Sir H, Holland, Bart. Edited by his Son, the Rev. F. Holland, 8to. 
price 14.#, 


Astronomy, Meteorology, Popular Geography, &c. 

BRINKLEY’S ASTRONOMY. Euvised and partly re-written, with 
Additional Chapters, and an Appendix of Questions for Examination. By J. W. 
Stubbs, D.D. Fellow and Tutor of Trinity College, Dublin, and F. Brunnow, 
Ph.D. ^tronomcr Royal of Ireland. Crown 8yo. price 6#. 

OUTLINES of ASTRONOMY. By Sir J. F. W. Hekschel, Bart. 
M.A. >atest Edition, witli Plates and Diagrams. &^uare crown Svo. 12#. 

'ESSAYS on ASTRONOMY, a Series of Papers on Planets and Meteors, 
the Sun and Sun-surrounding Space, Stars and Star-Cloudlets ; with a Dissertation 
on the Transit of Yemis. By R. A. Proctor, B.A. With Plates and Wood- 
cuts. 8vo. 12#. 

THE TRANSITS of VENUS ; a Popular Account of Past and Coming 
Transits, from the first observed by Horrocks a.d. 1638 to the Transit of 
A,D. 2012. By E. A. PJtocTOR, B.A. Second Edition, with 20 Plates (12 coloured) 
and 38 Woodcuts. Grown 8vo. 8#. Gd. 

The UNIVERSE and the COMING TRANSITS ; Presenting Ee- 

seaiches into and New Views respecting the Constitution of the Heavens; 
together with an Investigation of the Conditions of the Coming Transits of Venus. 
By R, A. Proctor, B.A. With 22 Charts and 22 Woodcuts. 8to. 16#. 

The MOON ; her Motions, Aspect, Scenery, and Physical Condition. 
By R. A. Proctor, B.A. With Plates, Charts, Woodcuts, and Three Lunar 
Photographs. Crown 8vo. 15#. •• • 

The SUN; RULER, LIGHT, FIRE, and LIFE of the PLANETARY 

SYSTEM. By R. A. Proctor, B.A. Second Edition, with 10 Plates (7 co- 
loured) and 107 Figures on Wood, Crown 8vo. 14#. 
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OTHEB WOBLDS THAN OTTBS; the Plurality of Worlds Studied 
under the Light of Recent Scientific ResearcheGU By B. A. Fbogtor, B.A. 
Third Edition, with 14 IlluBtrations. Crown 8vo. 10«. 6d. 

The OBBS ABOUND US; Familiar Essays on the Moon and Planets, 
Meteors and Comets, the Sun and Coloured Pairs of Stars. By R. A. Procjtou, 
B.A. Second Edition, with Charts and 4 Diagrams. Crown 8vo. price 7^. Gd, 

SATUBN and its SYSTEM. By B. A. Fboctor, B.A. 8vo. with 14 

Plates, 14j», 

The MOON, and the Condition and Configurations of its .Surface. 
By EuMrxn NiiigfiX, Fellow of the Royal Astronomical Society, &c. AVith ‘JG 
Miif^ and o k’Uitcs. Medium hvo. 31^. Gd. 

A NEW STAB ATLAS, for the Library, the School, and the Observatory, 
in Twelve Circular Maps (with Two Index Plates). Intended as a Companion 
to ‘Webb’s Celestial Objects for Common Telescopes.’ With a Letterpress 
Introduction on the Study of the Store, illustrated by 9 Diagrams, By B. A. 
PnocTOii, B.A. Crown 8vo.6^. 

SCHELLEN’S SPECTBUM ANALYSIS, in its application to Terres- 
trial Substances and the Physical Constitutfim of the Heavenly Bodies, Trans- 
lated by .Tank and C. Larsell; edited, with Notes, by W. Huggins, LL.D, 
F.R.S. With 13 Plates (6 coloured) and 223 Woodcuts. 8vo. price 28^, 

CELESTIAL OBJECTS for COMMON TELESCOPES. By the Bev. 

T. W. Wehb, M.A. F.R.A.S. Third Edition, revised and enlarged ; with Maps, 
Plate, and Woodcuts. Crown 8vo. price 7s, Gd, 

AIB and BAIN; the Beginnings of a Chemical Climatology. By 

Roheut Angus Smith, Ph.D. F.R.S. F.C.S. With 8 Illustrations. 8vo. 2is, 

AIB and its BELATIONS to LIFE; being, with some Additions, 
tlio Substance of a (Join-sc of Lectures delivered at tlie Royal Institution of 
Creat Britain. By W. N. IIautlky, F.C.S. 1 icmoiistrator of Cbeinistry at King’s 
College, London. Second Edition, with 6G Woodcuts. Small 8vo. 6a. 

NAUTICAL SUBVEYINO, an INTEODUCTION to the PBACTICAL 

and THEORETICAL STUDY of. By J. K. Laughton, M.A. Small 8vo. 6a. 

DOVE’S LAW of STQBMS, considered in connexion with thejjrdinary 

Movements of the Atmosphere. Translated by li. H. Score, M.A. 8vo. 10a. Gd.- 

KEITH JOHNSTON’S GENEBAL DICTIONARY of GEOGRAPHY, 

D(|criptive, Physical, Statistical, and Historical ; forming a complete Gazetteer 
of ihe World. New Edition, revised and corrected. 1 vol. 8vo. [Nearly ready. 

The PUBLIC SCHOOLS ATLAS of MODERN GEOGRAPHY. In 31 

Coloured Maps, exhibiting clearly the more important Physical Features of the 
Countries delineated, and Noting all the Chief Places of Historical, Commercial, 
or Social Interest. Edited, with an Introduction, hy the Bev. G. Butlbb, M.A. 
Imperial 8vo. or imperial 4to. 6a. cloth. 

The FUBIIC SCHOOLS KAIUrAL of UODSBIT OEOeSAFET. By 

the Rev. Geougb Butijjr, M.A. Principal of Liverpool College ; Editor of * The 
Public Schools Atlas of Modem Geography.’ [In preparation. 

The PUBLIC SCHOOLS ATLAS of ANCIENT GEOGRAPHY, in 25 
Coloured Dfaps. Edited by the Bov. George Butler, M.A. Principal of 
Liverpool^JoUege. Imiwrial 8vo. or imperial 4to. 7a. Gd. cloth. 

MAUNDEB’S TREASURY of GEOGRAPHY, Physical, Historical, 
Descriptive, and Political. Edited by W. Hughes, F.R.G.S. Revised Edition, 
with 7 Maps and 16 Plates. Fcp. 6a. cloth, or 10a. Gd, bound in calf. 
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Natural History and Popular Science. 

TZXT-BOOES of SCIENCE, KECHAEICAL and FHYSIUAL, 

adfypted for tbe use of Artisans and of ^indents in Public and Science Schools. 
The following Text-Books in this Series may now Ikj had : — 

Anderson’s Strength of Materials, small 8vo. 3 j. Ctf. 

Armstrong’s Organic Chemistry M. 

Barry’s Railway Ai)i)]iimces, 3s. fid. 

Bloxam’s Metals, 3 a. 6<<. 

Goodeve’s Elements of Mechanism, 3a. 6d. 

Principles of Mechanics, 3.». Gd. 

Griffin’s Algebra and Trigonometry, 3A*6df, Notes, 35^ 

Jknkin’s Electricity and Magnetism, 3a. fiW, 

Maxwell’s Theory of Heat, 3a. 6d. 

Merrifiei.d’s Technical Aritlimetic and Mensuration, 3a. 6rf. Key, 3a. 6d, 
Miller’s Inorganic Chemistry, 3a. Crf. 

PiiHKCK & SiVKWintiHT’s Telegraphy, 3.». 6(7. 

Shelley’s Workshop Appliances, 3a. 6d, 

Thorpe’s Quantitative Chemical Analysis, 4 .l 6d. 

Thorpe & Muir’s Qualitative Analysis, 3a, 6d. 

I’ildun’s Cliemical Philosophy, 3.<. 6(7. 

Watson’s Plane and Solid Geometry, 3a. 6c7. 

*** Other Text-Books in oxtejision of this Series are in active preparation. 

ELEMENTARY TREATISE on PHYSICS, Experimental and Applied. 

Translated and edited from Ganot’s fAtlmenls de Physique by E. Atkivson, 
Ph.D. F.O.S. Seventh Edition, revised and enlarged ; with 4 Coloured Platos 
and 738 Woodcuts. Post 8vo. 16a. 

NATITRAL PHILOSOPHY for GENERAL READERS and YOUNG 

PERSONS ; being a Course of Physics divested of Mathematical Formuhe 
expres.sed in the language of daily life. Translated from O anot’s Chur.^ de 
Physique, and by E. ATKixsox, Ph.D. F.O.S. Second Edition, witli 2 Plates 
ami 429 Woodcuts. Crown 8vo. price Is, 6t7, 

HELMHOLTZ'S POPULAR LECTURES on SCIENTIFIC SUBJECTS. 

Translated by B. Atkinson, Ph.D. F.C.S. Professor of Experimental Science, 
Stair College. With an Introduction by Professor Tyndall. 8vo. with nume- 
rous Woodcuts, price 12a. 6(7. 

On thB A!ENSATI0KS of TONE as a Physiological Ilasis for tlia 
Theory of Music. By Hkij-MANN L. F. Hkijuuoi.t/.. M.l). Prohvssor of Pliysics 
in the University of Berlin. Translated, with the Author's sanction, from the 
Third German Edition, with Additional Nobw and an Additibiml Appen^fix, by 
Alexander J. Ei.lis, &c. 8vo. price 36a. 

The HISTORY of MODERN MUSIC, a Course of Leetures delivered 

at the Royal Institution of Great Britain. By .Torn Hui.riAJi, Professor of 
Vocal Music in Queen’s College and Bedford College, and Organist of Churter- 
house. New Edition, 8to. 8a. 6t7. 

The TRANSITION PERIOD of MUSICAL HISIORY; a Second 

Course of Lectures on the History of Music from the Beginjiing of the Seven- 
teenth to the jMiddleof the Eighteenth C{;ntui-y, delivered at the Royal insti- 
tution. By John HULI.AH. New Edition. 8vo. 10a. 6c7. 

SOUND. By John Tyndall, LL.D. D.C.L. F.R.S. TJiird Edition, 
inclutling Recent Researches on Fog-Signalling ; Portrait a’jii Woodcuts. 
Crown 8vo. 10a. 6(7. 

HEAT a MODE of MOTIOH. By John Ttndali., LL.D. D.C.L, 

Fifth Editton. Plate and Woodcuts. Ciown 8to. lOi. 6<f. 
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CONTBIBTJTIOKS to MOLECTTLAB FHTSICS in the DOMAIN of 

RADIANT HEAT. By J. Tyhjdall, LL.D. D.C.L. F.R.S. With 2 Plates and 
81 Woodcuts. 8vo. 16 a 

BESEABCHES on DIAMAGNETISM and MAGNE-CBTSTALLIC 

ACTION ; including the Question of Diamagnetic Polanty. By J. Tyndall, 
M.D. D.C.L. F.R.S. With 6 plates and many Woodcuts. 8vo. 14 a 

NOTES of a COUBSE of SEVEN LECTDBES on EIECTBICAL 

PHENOMENA and THKORTES, delivered at the Royal Institution, a.d, 1870. 
By JoiLV Tyndall, liL.D., D.C.L., F.B.S. Crown 8vo. 1a sowed ; 1 a Cd. cloth. 

SIX LECTDBIJf)' on LIG]^T delivered in America in 1872 and 1873. 
By John* Tyndall, LL.D. D.C.L. F.R.S. Second Edition, with Portrait, 
Plate, and 5!) Diagrams. Crown 8vo. 7 a Cd. 

NOTES of a COUBSE of NINE LECTUBES on LIGHT delivered at the 
Royal Institution, A.D. 1869. By .John Tyndall, LL.D. D.C.L. F.R.S. 
Crown 8vo. price 1a scwod, or Is, €d. cloth. 

FBAGMENTS of SCIENCE. By John Tyndall, LL.D. D.C.L. F.R.S. 

Third Edition, with a Mew Introduction. Crown 8vo. 10 a*. 6<1. 

LIGHT SCIENCE for LEISUBE HOUBS; a Series of Familiar 
Essays on Scientific Subjects, Natural Phenomena, Ac. By R. A. Piioeroii, 
B.A. First and Second Sc^rics. Crown 8vo. 7.$. Gd. each. 

A TBEATISE on MAGNETISM, General and TeiTestrial. By Hum- 

riDUSY Lloyd, D.D. D.C.L., Provost of Trinity College, Dublin. 8vo. IOa Cd. 

ELEMENTARY TBEATISE on the WAVE-THEOBY of LIGHT. 

By HuMTHWiY Lr/OYD, D.D. D.C.L, Provost of Trinity College, Dublin, Third 
Edition, revisiMi and enhirgod. 8vo. price 10^. Gd, 

The CORRELATION of PHYSICAL FORCES. By the Hon. Sir W. R. 
Giiovis, M.A. F.R.S. one of the Judges of the Court of Common Pleas. Sixth 
Edition, with other Contributions to Science. 8vo. price ICs. 

The COMPARATIVE ANATOMY and PHYSIOLOGY of the VERTE- 
BRATE ANIMATES. By Richaud Owen, F.R.S. D.C.L. With 1,472 Woodcuts. 
3 vols. 8vo. £3. 13 ji, Gd, 

PRINCIPIES of ANIMAL MECHANICS. By the Kcv. S^hAUGHTo-sr, 

F.R.S. Follow of Trin. Coll. Dubl. M.D. Dubl, and D.C.L, Oxon. Second 
^dition, with 1 ll Figures on Wood, 8vo. 21 a 

BOCKS CLASSIFIED and DESCRIBED. By Bkrnhard Von Cotta. 
English Edition, by P, IT. La whence; with English, German, and French 
Synonymes. Po.st 8vo. 14i. 

The ANCIENT STONE IMPLEMENTS, WEAPONS, and ORNA- 
MENTS of GREAT BRITAIN. By John Bvanp, F.R.S. F.S.A. With 2 Plates 
and 470 Woodauts. 8vo. price 28a 

The NATIVE RACES of the PACIFIC STATES of NORTH AMERICA. 

By Huukut Howe UAKcaotT. 5 vols. 8vo. with Maps, £C. 5s. 

The ORIGIN of CIVILISATION and the PRIMITIVE CONDITION 

of MAN ; Mental and Rc»cial Condition of Savage.s. By Sir John Lubbock, 

, Bart.<l4.P. F.R.S. Third Edition, with 25 Woodcuts. 8ro. ISr. 

BIBLE ANIMALS; being a Description of every Living Creature 
mentioned in the Scriptures, from the Ai)g to the Coral, By the Rev. J. G, 
Wood, • F.L.S, With about 112 Vignettes ou Wood. 8vo. 14a 
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HOMES WITHOUT HANDS ; a Description of the Habitations of 

Animals, classed according to their Principle of Constmetion. By the Bey. J, 
G. Wood, M.A. F.L.S. With about 140 Vignettes on Wood. 8vo. 14^. 

IN SEATS AT HOME ; a Popular Atcount of British Insects, their 
Structure, Habits, and Transformations. By the Rev, J. G. Wood, M,A. F.L.S. 
With upwards of 700 Illustrawns. 8vo. price 14^, 

INSECTS ABROAD; a Popular Account of Foreign Insects, their 
Structure, Habits, and Transformations. By J. G. Wood, F.L.S. Printed 
and illustrated uniformly with * Insects at Home.* fvo. prioe 21^. 

STRANGE DWELLINGS ; a descriptv>n of th% Habitations of 
Animals, abridged from ‘ Homes without Ilahds.* By the J. CB Wood, 
M.A. F.L.S. With about 60 Woodcut Illustrations. Crown 8vo. price 7i. Od, 

OUT of DOORS ; a Selection of original Articles on Practical Natural 
llistoiy. By the Rev. J. G. Wood, M.A. F.L.S. With Eleven Illustrations from 
Original Designs engraved on Wood by G. Pearson, Crown 8vo, priai 7s, tid. 

A FAMILIAR HISTORY of BIRDS. By E. Stanley, D.D. F.R.S. 

late Lord Bishop of Norwich. Seventh Edition, with Woodcuts. Fcp. 8^. 6d, 

The SEA and its LIVING WONDERS. By Dr. Geoiige Habtwiq. 
Latest revised Edition. 8vo. with many Illustrations, 10s. 6d, 

The TROPICAL WORLD. By Dr. Geougb Hartwig. With above 160 

Illustrations. Latest revised Edition. 8vo. price 10.$. 6d, 

The SUBTERRANEAN WORLD. By Dr. Gkorqk Hartwio. With 

y Maps and about 80 Woodcuts, including 8 full size of page, 8vo, price 10s. Cd. 

The POLAR WORLD, a Popular D 0 .scription of Man and Naturo in the 
Arctic and Antarctic Regions of the Globe. By Dr. Gkorok Hautwio. With 
8 Chromoxylographs, 3 Maps, and 85 Woodcuts. 8vo. 105. 6(f. 

THE AERIAL WORLD. By Dr. G. .TIautwig. New Edition, with 8 

Cliromoxylographs and 60 Woodcut lUu.'^trations. 8vo. price 21.$. 

KIRBY lyid SPENCE’S INTRODUCTION to »ENT0M0L0GY, or 

Elements of the Natural History of InsccU. 7th Edition, Crown 8vo. Cs. 

MAUNDER’S TREASURY of NATURAL HISTORY, or Popular 

Dictionary of Bird.s, Bea.sts, Fishes, Reptiles, Insects, and Creeping Tailings, 
With above 800 Woodcuts. Fcp. 8vo. price 6.$. cloth, or 105. Cd, bound in call. 

MAUNDER’S SCIENTIFIC and LITERARY TREASURY. New 

Etiition, thoroughly revised and in great part rewritten, with above 1,000 
new Articles, by J. Y. Johnson. Fcp. Svo. 65. cloth, or 105. dd, calf, 

BRANDE’S DICTIONARY of SCIENCE, LITERATpRE, and ART. 

Re-edited by the Rev. GkoiiOK W. Cox, M.A. late Scholar of Trinity College, 
Oxforil ; assi.-^ted by Contributors of eminent Scientific and Literary ^Acquire- 
ments. New Edition, revised. 8 vole, medium 8vo. 635. 

HANDBOOK of HARDY TREES, SHRUBS, and HERBACEOUS 

PLANTS, containing Descriptions, Native Conntrie.s, &c. of a Selection of the 
Best Species in Cultivation ; together with Cultural Details. Comparative 
Hardiness, Suitability for Particular Positions, &c. By W. B. Hkmslky. Based on 
Dkcaisnk and Naudin’s Manuel de V Amateur det JardinSf and including the 264 
Original Woodcuts, Medium 8vo. 215, 
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A OEMERAL SYSTEM of BOTAKY DESCRIPTIVE and ANALYTICAL. 

By B. Le Maout, and J. Dkcajsnk, Members of the Institute of France. 
Translated by Mrs. Hooker. Tlie Ordertf arranged after the Method followed 
in the Universities and Schools jtf Great Britain, its Colonies, America, and 
India; with an Appendix on the Natural Method, and other Additions, by 
J. D. Hooker, F.R.S. Ac. Second Thousand, with 5,500 Woodcuts. Imperial 
8vo. 31*. “ 

The TREASURY of BOTANY, or Popular Dictionary of the Vegetable 
Kingdom ; ificluding^a Glossary of Botanical Terms. Edited by J. Bindley, 
F.R.S. and T. Moore, F.L.S. assisted by eminent Contributors. With 274 
Woodcuts and la sted Plates,. Two Farts, fcp. 8vo. 12*. cloth, or 21*. calf. 

Tlie itEMEiriS of BOlCAET for EAMIIIES and SCHOOIS. 

Tenth Edition, revised by Thomas Moore, F.L.S. Fcp. 8vo. with 164 Wood- 
cuts, 2*. C(f. 

The ROSE AMATEUR’S GUIDE. By Thomas Rivebs. Fourteenth 
Edition. Fcp. 8vo. 4*. 

LOUDON’S ENCYCLOPAEDIA of PLANTS ; comprising the Specific 
Character, Description, Culture, History, Ac. of all the Plants found in 
Groat Britain. With upwards of 12,000 Woodcuts. 8vo. 42*. 

FOREST TREES and WOODLAND SCENERY, as describod in Ancient 
and Modeni roet.'<. By William Menzik^, Deputy Surveyor of Windsor Forest 
and I’arks, Ac. With Twenty t’hromo-lithogruphic Plates. Folio, price X5 5*. 


Chemistry and Physiology. 

A DICTIOEAET of CHEMISTRY and the Allied Branches of other 
Sciences. By Henry Wa'its, F.R.S. assisted by eminent Contributors. 
Seven Volumes, medium 8 yo. price £10. 16*. 6ti, 

ELEMENTS of CHEMISTRY, Thoor(‘tical and Practical. Dy W. Allen 
Miller, M.D. late Prof, of Chemistry, King’s Coll. L»don. Now 
Edition. vols. 8vo. Part I. Chemical IMiysics, 15*. Part II. 
iNOHQAMC Chemistry, 21*. Part III. Organic Chemistry, New Edition 
in the press. 

SELECT METHODS in CHEMICAL ANALYSIS, chiefly INOR- 
GANIC. By William Crookes* P.R.S. With 22 Woodcuts. Crown 8vo. 
price 12*. 6d, 

A PRACTICAL HANDBOOK of DYEING and CALICO PRINTING. 

By William Oriookes, F.R.S. With 11 Pago Plates, 49 Specimens of Dyed and 
Printed Fabrics, and 36 Woodcuts. 8vo. 42*. 

OUTLINES of PHYSIOLOGY, Human and Comparative. By John 
MAR.SITALL, F.R.C.S. SnrgcOQ to the University College Hospital. 2 vols. 
crown 8vo. with 122 Woodcuts, 82*. 

HEALTlT in the HOUSE ; a Series of Lectures on Elementary Physi- 
ology in its application to the Daily Wants of Man and Animals, delivered to 
the Wives and Children of Working Men in Leeds and Saltaire. By Cathebinb 
M. Buckton. New Edition, revised. Small 8to. Woodcuts, 2i. 
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The Fine Arts^ and Illustrated Editions. 

A DICTIONABT of ABTISTS of the ENGLISH SCHOOL ; Fainters, 

Sculptors, Architects, Engi*avers, and Ornamentists ; M’ith Notices of their Lives 
and Works. By S. Kedg have. 8 vo. 

MOOBE’S IBISH MELODI^Sf with 161 Steel Plates from Original 

Drawings by D. ]\r.\ci.i.SE, It.A. Siiper-ro.yal 8vo. 21. <. 

LORD MACAULAY’S LAYS of ANCIENT ROME. AYitli 90 Illustra- 

tions on ^Yood, from the Antique, from Drawingg by A?. SciiAil>'. Fq). 4to.21.t. 

Miniature Edition of Lord Macaulay’s Lays oCAncient Rome, 

with tl»e Tlhistrations (ns above) rediicoil in lA^hogruphy. Ymp^lCino.^O.s’. 6(/. 

POEMS. r>y William Pj. Scott. I. Pallads and Tales. 11. Studies 
from Nature. III. Sonnets &c. Illustrated by 17 Etchings by W. B. ScoiT 
(the Anthoi ) andL. Alma Tadema. Crown 8vo. price lojf. 

HALF-HOUR LECTURES on the HISTORY and PRACTICE of the 

FINE aiHl ORNAMENTAL ARI’S. By William B. Score. Third Edition, 
with 50 Woodcuts. Crown 8yo. 6d, 

The THBEE CATHEDBALS DEDICATED to ST. PAUL, in LONDON ; 

their History from the Fonndation of the First Building in tlie Sixth Century 
to the Troposals for the Adornment of the Present Cathedral. By William 
Longman, F.A.S. With nuinerous Illustrations. Square crown 8vo. 21jr, 

IN FAIRYLAND ; Pictures from the I'llf- World. By Richard 

Doyle. With a Poem by W. ALLixaiiAM. W’ith Sixteen Plates, containing 
Thirty-six Designs printed in Colours. Stx’ond Edition.’ Folio, price 155. 

The NEW TESTAMENT, illustrated with Wood .Engravings after the 
Early Mn.‘^ters, chielly of the Italian School. .Crown 4U). 035. cloth, gilt top ; 
or £5 5.t. cdegantly bound in morocco. 

SACRED and LEGENDARY ART. By Mrs. Jameson. 

Legends of the Saints and Martyrs. New Edition, with 19 
Etchings and 187 Woodcuts. 2 vola. square crown 8vo. 31.?. Gd, 

Legends ^ the Monastic Orders. New Edition, with 1 1 Etchings 

and 88 Woodcuts. 1 vol. sfjuare crown 8vo. 215. 

Legends of the Madonna. New Edition, with 27 Patchings and 

165 Woodcuts. 1 vol. square crown 8vo. 215. ^ 

The History of Our Lord, with that of his Typos and Precursors. 
Completed by Lady Eakti.akk, Revised Edition, with 31 Etchings and 
281 Woodcuts. 2 vols. square crown 8vo. 425, 


The Useful Arts, Manufactures, &c. 

GWILT’S ENCTCLOPJEDIA of ABCHITECTDBE, with ahore 1,600 

Engravings on Wood. New Edition, revised and enlarged by Wyatt 
Papworth. 8vo. 525. 6d. 

HINTS on HOUSEHOLD TASTE in EDBNITDBE, DFltdinXBT, 

and other Details. By Citaules L. Eastlakb, Architect. NeW Bdhtion, 
with about 90 Illustrations, iiquare crown 8vo. 145. 

u 
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INBTISTEIAL CHEMISTEY; a Manual for Manufacturers and for 
use in Colleges or Technical Schools. Being a Translation of Professors Stoliniann 
Md Engler's German Edition of Payen’s Prids de Chimie Jndustridle, by Br. 
J» D. Barky. Edited and supplemented by B. H. Paul, Ph.D. 8vo. \nth Plates 
and Woodcuts, ^ [In thej^ress, 

BEE’S DICTIONAEY of AETS, MANUFACTUEES, and MINES. 

Seventh Edition, rewritten and enlarged by Robert Hunt, F.R.S. assisted by 
numerous Contributors eminent in Science and the Arts, and familiar with 
Manufactures. With above 2,100 W^oodcuts. 3 vols. medium 8vo. £5 5s. 

HANDBOOK Vf PEiWTICAI TELEGRAPHY. By B. S. Ctoley 

Mcmb, Inst. C.EwEngineer-in-Chief of Telegraph.s to the Post Office. Sixth 
Edition, with 14(^^oodcut8 ard 5 Plates. 8vo. price IC5. 

tele6rap^. By W. it. PiiEECE, C.E. Divisional Engineer, P.O. 
Telegraphs; and J. SivEwiiiniiT, M.A. Siiixjrintendent (Engineering Depart- 
ment) P.O. Tclcigraph.s. Small 8vo. with 100 Woodcuts, ?>.», (></, 

EAILWAY APPLIANCES; a Dr‘scription of Details of Bailway 
Constnmtion subswiuent to ilie ofiniph tion of the Enrtjiworks and Ma.soni*y, 
including a short IS otic.0 of Railway Rolling Stock. By J. W. Bahiiy, Member 
of the In.stitntion of Civil Engiia'crs. HniaJl 8vo. with 207 Woodcuts, ilv, Hd. 

ENCYCLOPJEDIA of CIVIL ENGINEEEING, Historical, Theoretical, 
and Ih-actical. By E. Ciiesy, C.E. With above 3,000 Woodcuts. 8vo. 425. 

OCCASIONAL PAPEES on SUBJECTS connected with CIVIL EN- 
GINEERING, GUNNERY, ami Naval Architecture. By Michael Sco’it, 
Mcmb. Inst. C.E. & of Inst. N.A. 2 vols. 8vo. with Plates, 425. 

NAVAL POWEES and their POLICY, with Tnhuhir Statements of 
British and Foreign Ironclad Navies, giving Dimensions, Armour, Details of 
Armament, Engines, Fpecd, &c. By John C. Pa(JKt. 8vo. 105. (id. 

TEEATISE on MILLS and MILLWOEK. By Sir W. Fairbairn, 

Bart. F.R.S. New Edition, with 18 Plates and 322 Woodcuts, 2 vols. 8vo. 325. 

USEFUL INFOEMATION for ENGINEERS. By Sir W. Fairbairn, 
Bart. F.II.S. Revised Edition, with Illustrations. 3 vols. crown 8vo. price 315. Cd. 

The APPLICATION of CAST and WROUGHT IRON to Building 

Purposes. By Sir Fatrbaiun, Bart. F.R.S. Fourth Edition, enhwgcd ; with 
6 Plates and 118 Woodcuts. 8vo. price I65. 

The THEORY of STRAINS in GIRDERS and similar Stnictures, 

wH,h Observations on tlic application of Theory to T'ractice, and Tables of tlio 
Strength and other Properties of Materials. By Bindon B. Si’onky, M.A. 
M. inst. ( ■.]'!. New Edition, royal 8vo. with 5 Plates and 123 Woodcuts, 305. 

A TEEATISE on the STEAM ENGINE, in its various Applications 
te Mines, Mills, Steam Navigation, Railways, rfnd Agriculture. By J. Bourne, 
C.E. Eighth Edition ; with Portrait, 37 Plates, and 346 Woodcuts. 4to. 425. 

CAXECHISU of The STEAU ENGINE, in its vjirious Applications to 
Mines, Mills, Steam Navigation, Railways, and Agriculture. By the same 
Author. With 89 Woodcuts. Fcp. 8vo. 65. 

HANDBOOK of the STEAM ENGINE. By the same Author, forming 

a Ejet to the Catechism of the Steam Engine, with 67 Woodcuts. Fcp. 95. 

BftUENElS RECENT IMPROVEMENTS in the STEAM ENGINE in its 
various applications to Mines, Mills, Steam Navigation, RaRways, and Agri- 
tttlture. By John Bourne, C.S. New Edition, with 124 Woodcuts. Fcp. 8vo. 65. 
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PBACTICAL TREATISE on METAIERRGY, adapted from the last 

Gkirman Edition of Professor Kerl*8 Metallurgy by W, Crookes, F.R.S. Ac. 
and E. BoHEia, Ph.D. M.E. With 625 Woodcuts. 3 yoIb. 8yo. price £A 19*. 

MITCHELL’S MANUAL of PRACTICAL ASSAYING. Pourtli Edi* 

tiot, for the most part rewritten, with ffll the recent Discoveries inccriwrated, 
by W. Crookes, F.R.S. With 199 Woodcuts. 8vo. 31j. Cd. 

LOUDON’S ENCYCLOPjEDIA of AGRICULTURE: comprising the 

Laying-out, Improroment, and Management of Landed Property, and the Cultl- 
ration and Economy of A^cultural Produce. Wi%l,100 WAdcuts. 8vo. 21 j. 

Loudon’s Encyclopaedia of Gardening: comprisiiiGj the Theory and 
Practice of Horticulture, Floriculture, Arboriculture, and Landscape Gardening, 
With 1,000 Woodcuts. 8vo.2U. * ^ 

REMINISCENCES of PEN and MERE. By J. M. Heath cote. 
With 27 Illustrations and 3 Maps. Square crown 8^ o. price 28^;. 


Religious and Moral Worhs. 

CEBISTIAN LIFE, its COUBSE, its EINDBANCES, and its 

HELPS ; Sermons preached mostly in the Chapel of Rugby School. By the 
late Rev. Thomas Arnold, D.D. 8vo. Is. Cd. 

CHRISTIAN LIFE, its HOPES, its FEARS, and its CLOSE; 

Sermons preached mostly in the Chapel of Rugby School. By the late Rev, 
Thomas Arnold, D.D. 8vo.7«. 6d, 

SERMONS chiefly on the INTERPRETATION of SCRIPTURE. 

By the late Rev. Thomas Arnold, D.D. 8vo. price 7s, iid. 

SERMONS prcaclied in tho Chapel of Eugby School ; with an Address 

before Confirmation. By the late Rev. Thomas Arnold, D.D. Fcp. 8vo. 8j. 6d, 

THREE ESSAYS on RELIGION: Nature; the Utility of Eeligion; 

Theism. By John Stuari' Mill. 8vo. price 10*. (id. 

INTRODriCTION to the SCIENCE of RELIGION. Four Lectures 

, delivered at the Royal Institution ; with Two Essays on False Analogies and 
the Philosophy of Mytliology. By F. Max MUller, M.A. Grown 8vo. lOj. 64. 

SUPERNATURAL RELIGION; an Inquiry into the Reality of Divine 
Revelation. Fixth Edition, carefully revised, with Eighty Pages of New Preface. 
2 vols. 8vo. 24s. 

NOTES on the EARLIER HEBREW SCRIPTURES. By Sir G. B. 

Airy, K.C.B. Hvo. price C«. 

ISLAM under the ARABS. By Eobeut Dhuhie €>sboijn. Major in 
the Bengal Staff Cori»s. 8vo. 12 a. 

RELIGION and SCIENCE, their Relations to each other at the Present 
Day ; Threcf Essays on the Grounds of Religions Beliefs. By Stanley T, Gihson , 
B.D.. late Fellow of Queen’s College, Cambridge. 8vo. 10a. Crf. 

The FBIXITIVE and CATHOLIC FAITH in Bolation ChuKh 
of England. Dy the Rev. B. W. 8 avii.i, M.A. Rector Qf ShiUingford, Exeter, 
Author of * Truth of the Bible ’ &c. 8vo. price 7i, 



NEW WORES PUBUSH15D by LONGMANS akd CO. 


JO 

8TN0NYMS of the OLD TESTAHOT, their BEABINQ on CHRIS. 

TIAN FAITH and PRACTICE. By the Rev. R. B. Gihdlkstonk, M.A. 8to. 15«. 

An IHTRODDCTIOH to the THEOLOGT of the CHURCH of 

ENGLAND, in an Exposition of the Thirty-nine Articles. By the Rev. T. P, 
BouiiTBEK, LL.D. New Edition, BV;p. 8vo. price 6 j. * 

An EXPOSITION of the 39 ARTICLES, Historical and Doctrinal. 

By E. Harold Browne, D.D. Lord Bishop of Winchester. New Edit. 8vo. 16#. 

The LIFE EPISTLES of ST. PAUL. By the Rev. W. J. 

CoNYRF:AitE, M.A., antf^the Very Rev. J. S. Howson, D.D. Dean of Chester • 
Ltbtcary with all the Original Illustrations, Maps, Landscapes on 

StceJ. WoodputsfAc. 2 vols.^'fto. 42a 

lNTEnMia)iATr': Edition, with a Selection of Maps, Plates, and Woodcuts. 
2 vols. square crown 8vo. 2U. 

Student’s Edition, revised and condensed, with 46 Illustrations and Maps. 
1 vol. crown 8vo. price U/. 

HISTORY of the REFORMATION in EUROPE in the TIME of 

OAI A’ IN, By tluj J. K. Mkut.k J)’Ai;iU(jNK, D.D. TrtiiislaUid by W. L. II. 
Cates. 7 vols. Svo. jirice £5. Ha-. , 

*** Vul. Vlil. coini)leting the Work, is preparing for imblioation. • 

NEW TESTAMENT COMNENTARIES. By the Rev. W. A. O’CoNOU. 

B.A, Jloetor of St. Simon and St. Jude, Manchester. Crown 8vo. 

Epistle to the Romans, price 3^. 6^/. 

Epistle to the Hebrews, 4.9. Gel, 

St. John’s Gospel, 10s. 6d. 

A CRITICAL and GRAMMATICAL COMMENTARY on ST. PAUL’S 

Epistles. By C. J. Erj.icoiT, D.D. Lord Bishop of Gloucester and Bristol. 8vo. 

Galatians, Fourth Edition, 8^f. 6cl, 

Ephesians, ITourth Edition, 8s. 6d, 

Pastoral Epistles, Fourth Edition, lOs. Gd, 

Philippians, Colossians, and Philemon, Third Edition, 10s. 6d, 
Thessalonians, Third Edition, 7«. Od, ^ 

HISTORICAL LECTURES on the LIFE of OUR LORD. By 

C|,J. EllicotTjD.D. Bishop of Gloucester and Bristol. Sixth Edition. 8vo. 12«. 

EVIDENCE of the TRUTH of the CHRISTIAN RELIGION derived 

from the Literal Fultilinent of Prophecy. By Alexandkh Keith, D.D. 37th 
Edition, W'ith l*laCes, in square 8vo. 12a Gd. ; 36th Edition, in post 8vo. 6s, 

HISTORY of ISRAEL. By H. Ewali>, Into Professor of the Univ. of 
Gottingen. Translated by J. E. Carpkntku, M.A., with a Preface by Russell 
Mautinbau, M.a. 5 vols. 8ro. G3s. 

The ANTIQUITIES of ISRAEL. By IIkinricii Ewald, late Professor 
of the University of Gottingen. Translated from the German by IIeniiy Shaen 
S oij.Y, M.A. 8vo. price 12a 6J, 

TJie TREASURY of BIBLE KNOWLEDGE; being a Dictionary of the 
Books, Persons, Places, Events, and other matters of which mention is made in 
Holy feripture. By Rev. J. Ayuh, M.A. With Maps, IG Plates, and numeroua 
Woodcuts. Fcp. Svo. price Gs. cloth, or 10a GJ. neatly bound in calf. 
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LECTTTBES on the PENTATEUCH and the MOABITE STONE. 

By the Eight Bey. J. W. Colenso, D.D. Bishop of Natal. Svo. Tij. 

TheflNTATETJCHandBOOKof JOskvACEITICAILT EXAKINED. 

By the Eight Eev. J. W. Coijwso, D.I). Bishop of Natal, Crown 8vo. 6 a. 

An INTRODUCTION to the STUDY of the NEW TESTAMENT, 

Critical, Exegetical, and Theological, By the Eov, 8. Daviuson, 1).1). LJi.I). 
2 vols. 8vo. j)rice 30«, • ^ 

SOME QUESTIONS of the DAY. By tl^e Author^ ‘ Amy Herbert.’ 

Crown 8vo. price 2s. 6d. y t • 

THOUGHTS for the AGE. By the Author of ‘ Amy Herbert,' &c. 
New Edition, revised, Fcp. Svo, price 3 a. 6d. 

The DOCTRINE and PRACTICE of CONFESSION in the CHURCH of 

ENGLAND. By the Rev. W. E. Jelp, B.D. 8vo. price 75. (Id. 

PREPARATION for the HOI^Y COMMUNION ; the Devotions chiefly 

• from the Works of Jkiikjmy Taylor, By Miss Sewell. 32mo. 35. 

LYRA GERMANICA, Hymns translated from the German by Miss 

C. WiNKWORTH. Fcp. 8vo, price !>s, 

SPIRITUAL SONGS for the SUNDAYS and HOLIDAYS through- 

out the Year. By J. S. B. Monsell, LL.D. Ninth Thoiiaund. Fcp. 8vo. 5i. 
18mu. 25. 

ENDEAVOURS after the CHRISTIAN LIFE : Discourses. By the 
Eev. J. Mar'IINEAU, LL.D. Fltth Edition, cai’cfully revised. Crown 8vo. 7s. (id. 

HYMNS of PRAISE and PRAYER, collected and edited by the Rev. 

J. MAR'IINEAU, LL.D. Crown 8vo. 45. 6d. :>2mo. l5. «J(/. 

The TYPES of GENESIS, briefly considered as nAmaliiip; the D(;velo|>- 

ment of Human Nature. By Andrew Jukes, ThirdEdition. Crown 8vo. 75, Cd. 

The SEClflTD DEATH and the BESTITVTloii of ALI THINGS ; 

with some Preliminary Remarks on the Nature and Inspiration of Holy Scrip- 
ture. By Andrew Jukes. Fourth Edition, Crown 8vo. 3s. 6d. 

WHATELT’S INTBODVCTOET LESSONS on the CHfilllllAN 

Evidences. 18mo. 6d. 

BISHOP JEREMY TAYLOR’S ENTIRE WORKS. With Life by 
Bishop Hkbrr. Revised and corrected by the Rev. C. P. Eden. Complete in 
Ten Volumes, 8vo. cloth, price £5. 6s. 


Travels, Yoyages, &c. 

The INDIAN ALPS, and How we Croised them: being,»a Narririive 
of Two Years’ Residence in the Eastern Himalayas, and Two Months' Tour 
into the Interior, towards Kinebinjunga and Mount Everest. By a Lady 
Pioneer, With Illustrations from Original Drawings made on the sjwt by the 
Authoress, Imperial 8vo. 425. 
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TTEOL and the TTBOLESE ; being an Account of the People and 
the Land, in their Social, Sporting, and Mountaineering Aspects. By W. A. 
Baillik OiioiiMAK, With numerov.s Illustrations from Sketche s by the liuthor. 
Crown 8vo. 

< The FROSTY CATTCASIJS ; * An Account of a Walk through Part ©f 
the Range, and of nn Ascent of Elbruz in the Summer of 1874. By F. C. Grove. 
With Eight Illustrations engraved on Wood by E. Whymper, from Photograpbii 
taken duringfhe Jour\^ey, and a Map. Crown 8vo. price 15s, 

A JOURNEY of ^00 MILES through EGYPT and NUBIA to the 

SECOND CATAHA(JTof theA’ILE. By AifEiJA B. Edw'Ards. With numerous 
Illustrationa from Drawings by the Authoress, Map, Plans, Facsimiles, &c. 
Imperial 8vo. [/ft the Autumn. 

OVER the SEA and FAR AWAY ; being a Narrative of a Ilamblo 
round the World. By Thomas Woodbine Hinchlifp, M. A. F.R.G.S. President 
of tVi(! Alpine Club, Author of ‘ Sunnnor Months among the Alps.’ With 
14 full-pago Illnstrjitions, engraved on Wood from Photographs and .Sketches. 
Medium 8vo. 21 5. , 

THROUGH BOSNIA and the HERZEGOVINA on FOOT during the* 

INSURRECTION, August and September 187o ; with an Historical Review of 
Bosnia, and a Clinipse at the Croats, Slavonians, and the Ancient Republic of 
Ragusa. By A. J. Evans, B.A. F.S.A. With Map and 58 AVood Engravings 
from i’liotographs and .‘^ketches by the Author, 8vo. 18.v, 

DISCOVERIES at EPHESUS, including the Site .and Remains of th(‘ 
Great Temple of Diana. By J. T. Wood, i’.S.A, 1 vol. Imix:rial 8vo. copiously 
Rhustrated. [In the press, 

MEMORIALS of the DISCOVERY and EARLY SETTLEMENT of 

the BERMUDAS or SOMER.S ISLANDS, from ll>H> to 1()85. Compiled from 
the Colonial Records and other original sources. By Major-General J. 11. 
Lefiioy, R.A. C.B. r.R.S, &c. Governor of the Benuudas. 8vo. with Map. 

[In the press. 

ITALIAN ALPS; Sketches in the Mountains of Tit?ino, Lombardy, 
the Trentino, and ’Venotia, By'D(U;Gi.AB W. Freshfield, Editor of ‘The 
Alpine Journal.’ Square crown 8vo. with Maps and Illustrations, price lOi. 

The RIFLE and the HOUND in CEYLON. By Sir Samuel W. 
Ba^vKR, M.A. F.R.G.S. New Edition, with Illustrations engraved on Wood by 
G. Pearson. Crown 8vo. Is, 6d. 

EIGHT YEARS in CEYLON. By Sir Samuel W. Baker, M.A. 
F.R.G.S. New Edition, with Illustrations engraved on Wood, by G. Pearson. 
Crown 8vo. 7s. Qd, 

TWO YEARS IN FIJI, a Descriptive Narrative of a Residence in tlio 
Fijian Group of Islands; with some Account of the Fortunes of Foreign 
Settlers and Colonists up to the Time of the British Annexation. By LrrroN 
Foures, M.B. F.R.G.S. Crown 8vo. 8r. 6d. 

MEETING the SUN ; a Journey all round the World through Egypt, 
China. Japan, and California. By William Sjmpso.v, F.B.G.S. With 48 Hdio- 
typos ana Wood Engravings from Drawings by the Autlior. Medium 8vo. 24i. 

UNTRODDEN PEAKS and UNFREQUENTED VALLEYS; a Mid- 
summer Ramble among the Dolomites. By Amelia B. Edwards. With a 
Map and 27 Wood Engravings. Medium 8vo. 21i. 
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The DOLOMITE MOUNTAINS ; Excursions through Tyrol, Carinthia, 
Carniola, and Friuli, 1 Sfil-lSCa. By J. Gilbert and G . C. Chuhcuill, F.K.G.3. 
With numerous Illustrations, Square crown 8vo. 215. 

The AXPINE CLXTB UAF of SWifzEBLANS, with parts of the 

Neij^hboiirinp Countries, on ttic Scale of Four Miles to an Incli. Edited by R. 
C. Nichols, F.S.A. F.R.G.S. In Four Sheets, price 425. or mounted in a ease, 
C25. (id. Each Sheet may be had separately, price 125. or mounted in a case, 155. 

MAP of the CHAIN of MONT BLANC, froij^ ttn A/:ual Survey in 
18015-18(11. By AoAM.s-Rm.LY, F.R.G.S. M.A.C. Fublishcd under the Au- 
thority of the Alpine Club. In Chromolit^ograpliy oi^faxtra stout drawing* 
paper 28in. x 17in. price 105. or mounted on co^ivas in a loliUngiiasc, li^. (Id. 

HOW to SEE NORWAY. By Captain J, K. CAMPiiKLL, With Map 

and 5 Woodcuts. Fcp. 8vo. price 55, 

GUIDE to the PYRENEES, for the use of Mountaineers. By 

CiiARU® Packe. With Map and Illustrations. Crown 8vo. 75. Gd. 

The ALPINE GUIDE. By John Ball, M.B.LA. lato President of 

the Alpine Club. 3 vols, postjSvo. Thoroughly Revised Editions, with Maps 
'» and lllustrntions : — I. Wfistern Alpx.ds.dd. II. Central Alps^ 75. Gd. III. 
Eastern Alps, 1U5. Gd. Or in Ten Parts, price 2.?. Gd. each. 

Introduction on Alpine Travelling in General, and on the Geology 

of the Alps, price l.v. Each of the Tliiw Volumes or Parts of the Alpine Guide 
may be had ^\'ith this iNTUODUcnoN prefixed, jn'ice l5. extra. 


Works of Fiction. 


HIGGLEDY-PIGGLEDY : or. Stories for Everybody and Everybody’s 
Children. By the Right lion. K. M. K.N’ATciimir.i.-lIi oKssEN’, M.P. With Nine 
Illustrations i'roiu Original Oesigns by K. Boyle, engraved on Wood by G. 
Pearson. Crown 8\'o. price Os. 

WHISPERS from FAIRYLAND. By the Kight'lTon. E. II. Knatcu- 

ijull-Huckhsex, M.P. With Nine Illustrations from Original Designs engraved 
on Woou by G. Pearson. Crown 8vo. price 6s. * 

' NOVELS and TALES. By the Right Hon. B. Dishaeu, M.P. 
Cabinet Edition, complete in Ten VolumcB, crown 8vo. pric.e £3. 


Lothaiu, G5. 
CONIXGSIiY, G5. 
Sybil, 65. 
TA^'CRED, G5. 
VENEriA, 65. 


Hknhieita Temi’le, C5. 

(■O.NTARINI FJ.KMINCJ, &C. 65. 
Alroy, Ixiox, Sic. G*. 

The Youxa Dure, Ac, Ci, 
Vivian Grey 65. 


CABINET EDITION of STORIES and TALES by M^ss Skwell:— 


Amy Herbert, 25. 6d. 
Gertrude, 2s. Gd. 

The Earl’s Daughter, 25. 6d. 
Experience of Like, 25. Gd. 
Clevs Haxl, 25. Gd. 


Ivors, 25. 6 d, 

KATHAUINE ASHTON, 25. Gd 
Makgarkt Peucival, 35. Gd, 
LANEroN Parsonage, 35. 6d. 

j Ursula, 35. Gd. 


BECKER’S GALLUS; or, Roman Scenes of the Time of» Augiistiw : 
with Notes and Exenrsuses, New Edition. Post 8vo. 7s. Gd. 


BECKER’S CHARICLES; a Tale illustrative of Private Life among the 
Ancient Greeks ; with Notes and Excursnses. New Edition. I’ost Svo. 7s. Gd. 
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The MODEEN NOVELIST’S LIBBAEY. Each Work, in crown 8vo. 

complete in a Single Volume 

Athkiistone PiiTOPY, 2s. boards ; 2«. (fei. cloth. 

Mademoiselle Mori, 2s. beards; 2s. Gd. cloth. 

Melville’s Gladiaiorh, 2s boards ; 2s. Gd. cloth, 

Good for Nothing, 2s. boards ; 2 s. Gd. cloth. 

Holmby House, 2 s. boards ; 2s. Gd. cloth, 

■ ■ — ■ '■■■ Interpreter, 2.l boards ; 2s. Gd. cloth. 

KATK^JovENTia', 2 s. boards ; 2s. Gd. cloth. 

Queen’s Maries, 2s. boards ; 2s. Gd. cloth, 

Digbt Qi^nd, 2 j. boards ; 2s. Gd. cloth. 

r- Genfrat. Bounce, boards ; 2«. Gd. cloth. 

TnoLTiOPE’s Warden, Is. Gd. boards ; 25. cloth. 

Barcidistkr Towers, 25. boarfls ; 2 s. Gd. cloth. 

Bramley-Moork’s Six Sisters of the Valleys, 25. boards ; 25. Gd. cloth. 

The Burgomaster’s Family, 25. boards ; 2 s. Gd. cloth. 

ELSA,aTalcof the Tyiv.lean Alps. Traushited from the German of W’’lLiiKL>ilNB 
Yon JliLLERN by Lady Wallack 2s. boards ; 25. (id. cloth. 


Poetry and The Drama. 


POEMS, lly AVilliam B. Scott. I. Ballads and Tales. JI. Studies 
from Nature. HI. .Soiinf?ts &c. Illu.strated by 17 Etchings by L. Alma 
Tadema and William B, Scojt. Crown 8vo. price 165, 


KOOSE’S IBISE UELOSIES, with 161 Steel Plates from Original 
Drawings by J), M.m i.isi:, K.A. Kew E>liUon. Super-royal 8ro. 21s. 


The LONDON SEKIES of FKENCH CLASSICS. Edited hy Ch. 
Oassal, LL.D. T. liAUCiU’.R, LL.B. and Lk)N(;E Stievrnard. In course of 
publicallon, in fcp. 8vo. vidmnes. The following Plays, in the Division of the 
l)rarna in this Series, are now ready 


Corneille’s Le Cjd, Ll (id. 
Corneille’s Bolyicui te, l5. 6d. 
KACIKE'S IflllGE.NlK, l5. Gil . 
Yolt.^re’s Xaiue, l5. Gd . 


VoLTAIRKV AT.ZIRK, l.v. Cd.' 
Lamartine’s Toussaint Loitvtsrture’ 
25. Gd . 

De Vigny’s Cjiaiterton, I5. 6d, 
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